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PREFACE

In concluding the first volume of the
' Transactions of the

Microscopical Society,' the Council feel it necessary to make a

few observations upon the origin, progress, and present state of

that Society.

It was founded in the year 1840, by the exertions of a few

gentlemen engaged in scientific pursuits, for the purpose of

affording assistance and encouragement to microscopical inves-

tigations, by promoting that ready intercourse between those

engaged in such pursuits, by which not only are great advanta-

ges mutually gained, but also information of the most valuable

kind disseminated and perpetuated. Another important conse-

quence resulting from the establishment of this Society, and the

increasing interest in microscopical pursuits excited by it, is the

encouragement and stimulus given to the scientific makers of

the microscope, by which that valuable instrument is now rapidly

advancing to the highest degree of perfection.

The progress of the Society has been so satisfactory, that

although the subscription is but one guinea per annum, the

Council have been enabled, not only to pay its current expenses,

but also to purchase for the use of the Members, three micro-

scopes of the very finest description, with all the recent improve-

ments, constructed by Messrs. Powell, Ross, and Smith, artists

whose talents are too well known to need any comment here.

It is also a subject of congratulation, that they are enabled to

present the concluding part of this volume free of expense to
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the Members ;
and they confidently expect that all future pub-

lications of the Society will in like manner be produced without

any additional cost to the Members.

The present volume contains a number of extremely valua-

ble papers, read at the meetings of the Society, upon a variety

of interesting subjects, and illustrated by numerous plates : but

it must be borne in mind, that the Society as a body, does not,

by publishing them, consider itself as offering an opinion re-

specting any theories or conclusions advanced in or deduced

from them. Their respective authors alone must be considered

as responsible for them
;
and their correctness or fallacy left to

be confirmed or refuted by future investigations.

21, Regent Street,

September 15, 1844.
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I.—On the Development of the Vascular Tissue of Plants, By
Edwin J. Quekett, F.L.S., F.B.S., &c.

Read February 19, 1840.

The vascular tissue of plants has frequently been the subject of in-

vestigation with the botanist ;
but even after what has hitherto been

discovered and described concerning it, there remains much uncer-

tainty in the minds of many persons as to its true nature, and as De-

Candolle says,
" of all parts of Vegetable Anatomy this has been the

most disputed, and on which persons are still less agreed."

A study of this kind is naturally surrounded by many difficulties,

on account of the minuteness of the objects to which our investi-

gations are to be directed, and also to the delicacy of the manipula-
tion required to follow out the subject in the youngest parts of a

plant; and after attention to this subject, more or less, for several

years past, I venture now to give publicity to the results of my re-

searches.

It has been supposed that in structure vessels differ but little from

cellular tissue, and that the elements of which the latter is formed are

only altered and converted to fulfil a different function in the former,

and that the development of the one will more or less correspond to

that of the other ; and from what has been observed, I believe this in

great measure to be correct, the same idea being entertained by
Slack in an interesting paper,* and latterly by that excellent observer

Schleiden, in his memoir on Phytogenesis.f
The formation of the membranous portion of a cell has been satis-

factorily described by Schleiden, who details the process as commen-

* Trans. Soc. Arts, xlix.

f Translated in 'Annates des Sciences Naturelles,' Seconde Serie, xi. Botaniqne.
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cing in the youngest parts of plants by the appearance of granules of

various sizes in a kind of mucilage, which contains the nutritive ma-

terials, some of which collect together into one body, which encloses

within it a rounded spherule : this mass so constituted he terms a cy-

toblast.* As soon as this has attained its full size, on some part of

its circumference can be observed a pellucid glassy border, which in-

creases in size and contains a gelatinous fluid; this border is the

commencement of a minute vesicle, which continues to enlarge, and

ultimately attains the perfect character of a cell ; and the cytoblast,

having performed its duty, becomes less and less, and in the majority

of cases is entirely absorbed,t

Having examined nascent tissues since Schleiden's memoir on

Phijtogenesis, I am able to state that I have observed satisfactorily

most of the appearances he describes that are connected with this

subject; but still, I am under the necessity of stating that there are

two other methods that others and myself also have often witnessed,

by which cells are formed without the aid of a cytoblast, and the pro-

cesses are quite as perfect. These methods are very well seen in some

Conferva and in some species of Nosloc, where a diaphragm is deve-

loped across the interior of a cell and divides it into two perfect ones,

and this act is continually repeated. In Chara, as observed by Ami J

ci, and in Torula cerevisice, it is to be noticed that the young cell first

appears as a small bud projecting from the margin of a perfect cell ;

this eventually enlarges, becomes hollow, and takes upon itself the

same action : and in Ergoialia. abortifaciens I have described % the

fact that both kinds of formations of cells may be witnessed in that

very minute plant.

Respecting the origin of the membranous tube of a vessel, many
theories have been advanced. Raspail says § that a vessel is created

from a globule on the external wall of another vessel, and that a cell

is created from a globule on the internal surface of another cell. And
from this difference the vessel can elongate by insinuating itself be-

tween the tissues, and the cell, being confined in the interior of ano-

ther, cannot assume an elongated form, and therefore he accounts for

* This body had beca before described by Mr. Brown under the name of nucleus.

f It is a singular fact, discovered by Schwann, that animal cellular tissue is pro-

duced by an analogous method.

X Linn. Trans, xviii. pt 3.

§ Nouveau Systeme de Physiologie Vegetale, § 620.



the difference existing between the size and length of the cellular

and vascular tissues.

Another opinion as to the method of formation of the membranous

tube of a vessel has been adopted by Mirbel, Treviranus and Slack,

which is, that this part of a vessel is formed from a number of cells

being arranged end to end, which have their connections ultimately

absorbed, so that there is produced one continuous cylinder instead

of several separate cavities. I must state that in many instances I

have met with arrangements of cells in such a way as would lead one

to suspect that this was the true origin of a vessel ;
and it is a curious

fact that cells adhere end to end much more strongly than they do

side by side ; therefore, when disturbed, they appear more frequently

in strings than in other forms : but I believe no one has ever seen the

fact farther than here described, or followed out the complete deve-

lopment of a vessel from this condition of cells ; and there is one fact

presently to be mentioned, connected with the development of a ves-

sel, which entirely disproves this theory.

In order to watch the development of the membranous tube of a

vessel, some part of a plant should be taken that is in a nascent state,

being about to be developed into the organ it is intended to repre-

sent
;
for instance, a bulb or other bud answers the purpose, examin-

ing the scales from without inwards. But of all the parts hitherto

found the most convenient is the young flower-stalk of the "long
leek" {Allium porrum), which, in the state in which this vegetable is

usually sent to the market, is found to be about an inch or more in

length and from a quarter to half an inch in diameter. This organ
occurs very low down amidst the sheathing bases of the leaves, and

from having to lengthen to two or three feet, and containing large

vessels, forms a very fit subject for ascertaining the early appearances
of the vascular tissue.

To examine the development of vessels, it is necessary to be very
careful in making dissections of the recent part, in order to witness the

appearances to be detailed
;
and I have found it often more suitable

for the purpose to macerate or boil the part used for a short time, un-

til the tissues allow of being easily separated from each other.

When the examination is directed to discover the larger vessels,

it will be found that at this early stage they present merely the form

of very elongated cells arranged in distinct lines, amongst which, it

appears extraordinary that some vessels are already arrived at matu-

rity, especially the annular, even before the cytoblasts have disap-

peared from any of the cells of the surrounding tissue. The young
B2



vessels, at this period, are with difficulty recognized from elongated
cellular tissue, except from their very attenuated form, their ends be-

ing more pointed and containing a single cytoblast, much larger and

more elliptical than that of any cell of the surrounding tissue.* In

the bulb of Scilla maritima the young vessels appear at first under

the form of a cell shaped as if composed of two very acute cones

applied end to end, there being scarcely any cylindrical portion be-

tween them. As development proceeds the vessels rapidly increase in

length till they arrive at perfection, but not so in diameter, for the di-

mensions in that direction are attained almost from the first formation.

At this period, in the living plant the young vessels appear full of

fluid, which is apparently, as Schleiden remarks, of a thick character,

and which he has designated vegetable jelly ; but if boiling have been

employed or alcohol added, the contents, or at least the albuminous

portion, become coagulated, and every cell appears from this circum-

stance to contain another within it in a shrivelled condition
; which

appearance did not exist before the application of heat or of alcohol,

and occasionally the shrivelling goes to the extent that all that can

be seen of the contents is a thick granular cord extending down the

vessel.

From these observations it is evident that the membranous tube of

a vessel is formed on the same plan as the same part is in ordinary

cells, and which act is entirely perfected before the commencement

of the formation of the fibre within. And the occurrence of the cyto-

blast, and only one in each vessel, clearly demonstrates that the ends

of several superimposed cells have not been absorbed to make one

tube of greater length ; if so, we should perceive as many cytoblasts

as there had been cells so appropriated : but the fact is the reverse ;

one only is found, and that of large size, bearing the same proportion

to the dimensions of the vessel as every cytoblast does to its own cell.

As long as the cytoblast exists, the commencement of the deposi-

tion of the fibre within cannot be observed, which fact, Schleiden

mentions, takes place also in cells
;
in reality the vessel is not yet deve-

loped, and the fibre is only deposited when the contents assume a

change that is observed after the disappearance of the cytoblast ;
but

occasionally I have observed the commencement of the formation of

the fibre whilst the cytoblast exists.

When this body has disappeared, the membranous tube of the ves-

sel has by this time approached very nearly its perfect size, and I

* In this state they may be taken for ducts of the latex, and I have more than

once seen circulation in them.



have found, as Schleiden has observed in cells, that the liquid con-

tents become less transparent on account of numbers of the most mi-

nute particles, that can be just discerned by the highest magnifying

powers, becoming generated in the interior of the vessel, from which

it can be observed that fibre, and other deposits in the interior, have

their origin ; and it will be my purpose to describe what I have wit-

nessed connected with these changes.

Schleiden imagined that there existed in cells a spiral current be-

tween the membrane and the jelly in their interior
;
* and mentions

that Horkel had seen something analogous in the vessels of Hydro-

charts, where a current, he said, exists between the spires of the ves-

sel, and that this supposed current determined the direction of the

fibre. In fact, to suppose there were such currents in the direction

the fibre is deposited, which undoubtedly is most often spiral, what is

to become of the fluids in motion when they arrive at the end of their

spiral course? It is found that the turns of the spiral are nearly

in contact in early life, therefore by what means can the currents be

made to keep so distinct a course, and what could give them such a

direction ? If there exist any such current, it may account for the

formation of a spiral fibre ; but what kind of current could determine

the direction of the fibre of a reticulated or dotted duct, or even an

annular vessel ? In fact the notion of a current preceding the depo-
sition of fibre is, I believe, at most a gratuitous supposition, and in-

sufficient to account for the several forms of fibre witnessed in the

interior of vessels : and it is nearer the truth to imagine that what can

be observed of that law which determines the direction of the fibre in

one or more cases, may, with some modifications, serve to explain
what happens in all, as it will be attempted to be proved.
From this conjecture of Schleiden's it is imagined that he had not

seen the first commencement of this process, or if so, it is at variance

with what I have observed in many cases, and which is particularly

evident in the leek and in Polygonum orientate. When the young
vessels are recognizedf (which by experience becomes an easy matter,

even in parts considerably developed, though not so at first). They

appear as pellucid glassy tubes, with a cytoblast in some part of their

interior
;

earlier than this they are not to be recognized readily from

* Annales des Sciences Naturelles, Seconde Serie, xi. Botanique, p. 366.

fit is necessary in this examination to use the highest powers that optical science

has furnished us with, and also to adopt all the means of adjustment and illumination

that are found requisite for obtaining the most perfect definition ; and especially mak-

ing the observations by daylight.



cells. As they grow older the cytoblast diminishes, and the contents,

which at first were clear and gelatinous, become less transparent from

containing thousands of granules, which are too small to allow of the

passage of light, and consequently appear as dark points ; these atoms

are about the 6g £ 00 part of an inch in diameter, and have the motion

known as " active molecules." If the vessel be wounded at this pe-
riod the gelatinous contents pour slowly out, and then the singular
movements of these molecules are still more clearly seen. These

atoms, from their freedom of motion, are arranged indiscriminately in

the interior of the vessel, but in a short time some of them enlarge, and

then transmit a little light, which, on account of their minute dimen-

sions, is not suffered to pass as a white pencil, but is decomposed in

its course, the granule thereby becoming of a greenish hue. The

granules exhibiting this greenish hue are now in a fit state to enter

into the composition of the fibre that is to exist in the interior of the

membranous tube, and in a spiral vessel this is the manner in which

this act is accomplished.
The granules which are in active motion in the viscid fluid near one

of the ends become severally attracted to the inner wall of the vessel,

beginning at the very point ; those granules first attracted appear as

if cemented to the spot, by the viscid fluid in that direction losing

some of its watery character, for there appears a string of a whitish

colour, besides granules, in the line which the fibre is to occupy. As
the other granules are attracted to those already fixed in an inclined

direction, the spiral course is soon to be seen, and the same action

progressively goes on, from the end it began towards the other,

around the interior of the tube, in the form of a spiral ; the fibre being

produced, like a root, by having the new matter added continually to

the growing point, thereby causing its gradual elongation.

This action is not throughout the vessel at the same instant, for I

have witnessed a vessel having one half laid down with fibre, and in

the other part the operation had not been commenced. When the

granules have arranged themselves throughout the whole length of the

tube, those which were first deposited, and had then some slightly vi-

sible space between them, have by this time been reinforced by others

or nourished by the contents of the vessel, so that that space is obli-

terated, the fibre beginning to assume a threadlike shape with defined

borders, and sufficiently large to allow of the transmission of white

light. When this same action has progressed throughout the entire

vessel, the transparency begins to be restored, and what is singular,

the entire mass of granules has completely disappeared, appearing as



ifthe exact number and no more had been generated to form the fibre.*

After the vessel has reached maturity, the liquid contents themselves

become absorbed, as happens in the cells of the pith, and the vessel

is then empty ; and probably from being seen at different periods of

its existence in these different states, sometimes full and at others

empty, may account for the discrepancies existing among botanists as

to the functions these vessels perform.

The period of the vessel's growth at which the laying down of fibre

commences, determines the distance between the several coils, for in-

stance, when it is first formed, the coils are quite close, scarcely any

perceptible trace of membrane existing between them
;
if the vessel

have completed its development the distance is preserved, but if the

vessel have yet to extend its length, then as it elongates it separates

the coils of fibre farther from each other, and frequently, as in the pe-

tiole of Loasa contorta, this is carried to such an extent, that at last

the fibre is reduced from a spiral course around the interior of the ves-

sel, to an undulated line extended through it longitudinally. Those

vessels that are formed the earliest are always the smallest, and have

the coils of the fibre most separated from each other.

In the annular vessel, the development of the cell and the adher-

ence of the. granules to each other are conducted in the same manner

as just described, the direction of the deposit showing a tendency to-

wards the spiral direction, by the presence of a spire connecting two

rings, or by a ring being developed in the middle of a spiral fibre.

*The spiral does not always incline to the same direction, the "right-handed screw"

being the most general, and the " left-handed "
the least frequent. Often is it to he found

that vessels contain more spiral fibres than one, in fact they vary from one to twenty
in the same helix

;
and it occasionally happens, as in the spiral vessels found in the

petiole of the leaf of Loasa contorta, that besides the spiral fibre there are other fibres

extending longitudinally through the vessels, appearing as if tbe materials for the

formation of the spiral fibre had not been exhausted, and that these longitudinal fibres

(varying in number in different vessels) were tbe result of tbe appropriation of the re-

mainder, to form secondary deposits. The development of these secondary fibres has

not been witnessed, but it is imagined that they are developed from granules, as above

described.

The shape of the fibre is not in all cases the same, being either semicylindrical,

square, flattened, or, as Meyen has described in Opuntia cylindrica, lamelliform, and

projecting some considerable distance into the interior of the vessel.

A general view of the process of forming a spiral fibre may be obtained by exam-

ining the hairs (rootlets) on the under side of the fronds of Marchantia polymorpha
at different periods of their growth.

In some rare instances forked spiral vessels are to be seen, especially in the "long

leek," in the tissue at the base of the bulb connecting it with the rootlets.
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This vessel has the fibre developed in the manner already describ-

ed, and I consider it to be the one that is first formed in the bundle

of vessels of which it makes a part, and formed, not in the way we re-

cognize it, but has degenerated from a spiral by two or more coils be-

coming united in a ring, and the fibre between these so formed rings

becoming absorbed, as Mohl, Meyen, together with Schleiden,* have

described. It is to be observed, as the first vessel, in the youngest

parts of plants ;
and I believe its presence alone indicates a low degree

of the organizing power, by its occurrence in Equisetum and Lycopo-

dium, where it is frequently without any other, and which plants, in the

ascending scale of vegetation, are almost the first that possess vascular

tissue : and that the spiral fibre occurring with the rings marks a

higher step in the scale of organizing power, that the true spiral more

so, and the reticulated and dotted mark the highest. This being the

order in which we find these several vessels placed in herbaceous

exogens, proceeding from within outwards, and also developed ; the

differences of structure of the several vessels being indices of the

vital energy of the plant, at the several periods of their development.
In those vessels in which the annular or spiral character of the fi-

bre is more or less departed from, some curious modifications of the

above process are to be observed, as in the reticulated vessels, such

as are met with in the common balsam {Balsamina hortensis). The

commencement of the formation of the fibre in these vessels is marked

by the tendency of the granules to take a more or less spiral course ;

when it happens in the lines thus marked out that some one of the

granules becomes enlarged by new matter deposited about it, this

granule so altered becomes the point which gives an origin to another

fibre or branch, which becomes developed by the successive attrac-

tion of granules into bead-like strings, and takes a different direction

to the original fibre, forming a cross bar or ramifying, thereby caus-

ing the appearance by which this vessel is recognized.
In the dotted or marked vessels,f the fibre scarcely presents any

* Annates des Sciences Naturelles, Seconde Serie, iii. Botanique, 373.

f The author, from the great difference which is to be found in the dotted vessels,

has been induced to distinguish four kinds, sufficiently distinct from each other, and

which occur almost exclusively in particular classes of plants, and which are to he re-

cognized by the following characters.

dots nlane i D°tted vessel ; a long slender vessel found

i

p » '••*
| in herbaceous Exogens.

dots with cen- f Exogenic vessel ; a very short large ves-

Markings rounded (dott) tral mark,.. ( sel, in woody Exogens.

«.«,„„»,! ,•„ ~». i Endogenic vessel
,
a very large long ves-

arranged in rows
|

» ^ Jn En(}ogen8^ £ few /erns .

Markings linear Acrogenic or Scalariform vessel, in Ferns.



trace of spiral direction (still some of these vessels unroll spirally),

and it has been found in their development, that the granules do not

arrange themselves in a simple line at first, but that they adhere to

each other in such a manner that all the branches of the fibre, that

interlace with each other and leave meshes between them, proceed in

their development at the same time
;
much like the growth of Hydro-

dictyon utriculatum, either beginning at one end of the vessel, and

proceeding spirally towards the other, or beginning lengthwise and

extending around the interior of the membranous tube, the several

ends of the fibres being simultaneously growing points.*

In the dotted vessel the ramifications of the fibre are most frequently

irregular, and are formed in the same manner as in the reticulated ves-

sel. In the development of the fibre in the Exogenic vessel, which

can be well examined in the young shoots of the willow, I have found

that the development proceeds much in the same manner as before

described, viz., by the granules adhering each to another in various

beaded lines, so as to form a fibre or deposit of a reticulated arrange-

ment, the meshes of which correspond to the dots on the surface, as

in the way described. There is one singular character belonging to

the dots on this vessel which distinguish it from the preceding, which

is, that every dot has a central mark or smaller dot, usually of a sin-

gularly red colour, and which, when highly magnified, appears as a

minute garnet set in the centre of each dot
;
and by this structure

these markings approach those on coniferous wood, and I believe

them to be of the same nature, from gradual transitions observed in

the vessels of Zamia Altensteinii, and figured by Link in his * Philo-

sophia Botanica.' This red colour is owing to the dot being some-

what hollowed or cupped, and the centre being only thin membrane,
and the passage so small for light to be transmitted, that it becomes

decomposed ;
if charred very black and immersed in Canada balsam,

this view is rendered perfectly satisfactory by its appearing the most

transparent point.

In the Endogenic vessel, the connecting branches are given off

under each other, so that the dots, which are here also rounded, are

* In the marked vessels it very often happens, though I helieve never in spiral ves-

sels, that the ends which are opposed to each other in two contiguous vessels are ab-

sorbed, so that a communication exists between them. In the dotted vessel it is most

commonly that one aperture exists and the termination is rather dilated and suddenly

acuminate. In the Exogenic, Endogenic and Scalariform, between the union of the

vessels the membrane is absorbed and the fibres remain, so that several apertures ex-

ist (sometimes resembling a "grating") between the junction of two vessels.
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arranged in longitudinal rows
;
and in the Acrogenic or scalariform,

which vessels are generally angular and present distinct facets,

the branches likewise come off in the same line, corresponding ge-

nerally to the angles of the vessel, but the spaces left between are

linear instead of round. Though these are the general characters,

intermediate ones are found which bring these three vessels in very
close relation to each other.

The dots thus left in these several vessels, which appear so evident,

are not holes, as Mirbel, Richard and others have described, nor por-

tions of fibre broken up, as Bischoff mentions, but are spots on the

walls of the vessels where no deposit exists internally, corresponding
therefore to the meshes of the fibres, where the external membranous

tube of the vessel is unsupported ; and on account of the extreme te-

nuity of this tissue, and the minute space between the fibres, the light

in its transmission becomes decomposed, and every dot, under very

high magnifying power, appears of a greenish red tinge, and with a

low power as a dark spot. The structure of the dot is best seen by

examining the broken edges of any such vessels, when it will be found

that the fracture has been effected by the vessel giving way from one

dot to another, so that the torn edge of the membrane can be observed

in each dot.

From these observations we become somewhat acquainted with the

minute processes Nature employs in forming fibrous deposits in the

interior of vessels, which may not however be very different from the

ordinary matter of bonification, yet it appears to me a mystery to un-

derstand what regulates this act of the plant.

Schleiden, speaking of fibro-cellular tissue,* imagined
"
que par-

tout la spirale n'est qu'une modification de forme secondaire dans le

produit de la force vitale (la matiere des fibres), determine par une

autre direction de Taction vitale de la cellule, lorsque celle-ci, arrivee

a un certain degre de sa formation, est forcee d'abandonner son indi-

vidualite propre et d'entrer comme partie integrante dans l'etre com-

plexe qui constitue la plante entiere." Or in other words, to explain

this sentence, a cell at first possesses a perfect and independent exis-

tence, and forms its own membranous parietes ;
but when perfectly

developed, it gives up its individuality when the vital power to form

secondary deposits, existing in the plant, occasions the fibrous depo-
sit. This reasoning, however, does not inform us what determines

the granules to take on definite arrangements.

* Annales des Sciences Naturelles, xi. Botanique, p. 367.
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It appears to me that the only theory capable of explaining the di-

rection of the fibre, is one that will apply to some peculiar laws ex-

isting between the granules themselves and between the granules and

the vital force residing in the vessel or cell in which they are contain-

ed. There can be no doubt that at first the granules are in the jelly,

consequently as they become sufficiently developed they acquire free-

dom of motion, and attraction commences between the wall of the cell

and the granules, and it can be easily imagined how these numerous

atoms may be induced to approach to the circumference of the vessel,

but the difficulty of the proposition is to account for their doing so in

a spiral or other determinate form, and always of the same figure in

the same situation in the same plant.

Some part of the law, I believe, is made tolerably clear, viz., that

fibre is composed of granules arranging themselves like beads on a

string, which become nourished by the contents of the vessel until a

perfect thread is the result, and the direction this takes seems to me
to be the result of some special power residing in the vessel under the

control of the whole plant, probably electrical ;
* and which is modifi-

ed in the several vessels I have enumerated: farther than this I believe

we cannot go, though nature occasionally alters forms, she seldom

varies much in her laws, but what these may be it is forbidden the eye
of man at present to detect, and they appear to me, though operating
in such minute spaces, to be stamped with as much permanency of

power in the formation of these curious and elegant organs, as those

laws on a grander scale are in the fashioning of our own frame, or in

the maintaining of the stability of the universe.

* If particles of gold leaf be mixed with water, and the chain from an electrical

machine be made to convey electricity to the fluid, the gold particles arrange them-

selves in a spiral form ; and it may possibly happen that the currents of electricity,

which are continually passing from tbe earth to the air through the tissues and fluids

of plants, may have some share in determining, in the same manner, the spiral direc-

tion of the floating elements of the fibre.
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II. — On the vascular arrangement of the Capillary Vessels of the

Allantoid and Vitelline Membranes in the Incubated Egg. By
J. Dalrymple, Esq. (See Plate I. figs. 1 & 2).

Read July 22, 1840.

Some weeks since I was induced to attempt the injection of the in-

cubated egg, with a view, if possible, of determining the type of ar-

rangement in the capillary vessels of the different membranes proper
to the embryo. Having procured some eggs from the Eccaleobion at

the 19th day of the artificial process of incubation, I placed a small

pipe in the omphalo-mesenteric vein, and threw in, towards the chick,

a minute injection composed of parchment size and vermilion. I had

the satisfaction of seeing the bird immediately become red, and, short-

ly, the coloured fluid returning by the arteries, the allantois and vitel-

line sac became beautifully injected. Having thus succeeded beyond

my expectations, I carefully separated the allantois from the mem-
brane of the shell, and placed it in water beneath the field of the

microscope.

Many large trunks of a somewhat tortuous character were observed

giving off smaller lateral branches, which, frequently subdividing and

inosculating, presented a beautiful appearance even to the naked eye.

These vessels are constantly seen injected with blood, on opening an

egg some few days prior to the completion of the process ofincubation.

It is this vascular membrane to wrhich has been attributed, by nearly

all the most celebrated physiologists, the function of respiration dur-

ing the embryonic life of the chick : but at various times, and even

very recently, doubts have been thrown upon the truth of this theory

of the function of the allantois, by reports of eggs hatched in various

irrespirable gases, or when the atmosphere has been excluded by
various coatings applied to the shell. I was anxious, therefore, to

attempt to obtain, by artificial injection, a view of the capillary ar-

rangement of these vessels, having been much shaken in my previous
belief as to the respiratory nature of this surface by the late ingenious

experiments of Mr. Town, published in the Guy's Hospital Reports :

—
experiments, I must be permitted to say, suggested to that gentleman

by the truest principles of inductive reasoning, and executed with

a tact and delicacy that do him infinite honor. It has subsequently

appeared, however, by the experiments and tests of our President,*

* Professor Owen.
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that the coatings applied by Mr. Town have not in all instances

prevented the permeation of gases. Hence the question remained in

much the same state as previous to the researches of Mr. Town, in re-

gard to the function of this particular membrane.

As I had found by frequent observation that almost every tissue in

the animal body is characterised by a peculiar arrangement of capil-

laries, so uniform in its type as to render it no very difficult matter to

determine the nature of the tissue, and hence its function, by the mi-

croscopical appearance of the vessels alone ;
I was induced to believe

that the vascular layer of the allantois, were it a true pulmonary struc-

ture, would present that definite character in its capillary vessels that

exists in the vesicular lungs of some of the inferior Vertebrata.

The arrangement, then, in this allantoid membrane, consists of an

infinitely minute distribution of capillary vessels of nearly equal size

throughout its inner layer, forming an uniform vascular surface cover-

ing the large trunks as well as the interspaces of their subdivisions :

the anastomoses of the capillaries are so numerous and close, that the

areas they leave do not exceed the diameters of the vessels themselves,

even when the membrane is somewhat stretched, as in the preparation
I shall have the honor to submit to the Society this evening.

There results from this structure an infinite subdivision of the chan

nels of the blood, presenting a most extensive surface in a limited

space, to the action of the air, which permeates the shell and its pro-

per membrane.

If the vascularity of this membrane be compared with the lung of

the frog, salamander or serpent, the similarity of the type will be at

once evident, and carries with it a strong corroboration of the previous

theory of the respiratory character of the allantois in birds. It must

be remarked, however, that as the blood-corpuscules of the Reptilia are

much larger than those of the bird, so the capillary vessels of their

lungs are ofmuch greater size than in the specimen of allantois brought
to the Society to-night ; the difference between them being one of

proportion, not of type.

The other preparations explain the character of the vascularity of

the vitelline membrane at the 1 9th day of artificial incubation.

Immediately surrounding the remains of the vitelline area are seen

on the internal surface of the yolk-sac, the commencement of a series

of radiating folds, which dip deeper and deeper into the interior of the

sac, presenting an elegant series of undulating plicae, which increase

in depth as they advance, and separate more and more from each

other. These folds appear at first sight to consist of a simple granu-
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lar membrane, having a number of coils on their surface, not unaptly
to be compared, when magnified, to the convolutions of the small in-

testines. If all the fluid yolk be removed by gentle and repeated

washing, and the vitelline sac be successfully injected, we neverthe-

less do not observe any very remarkable vascularity. Large yellow
trunks appear dividing into small branches at the base of the folds,

and seem to contain the yellow globules of the yolk, but the red color

of the injection is only here and there apparent. These vessels are

the so-called vasa lutea of Haller
; but it is certain, I believe, from

r these injections, that the vessels do not contain the yellow corpuscules,

but that these yolk-globules are super-imposed and external to their

parietes.

This fact seems to have struck Burdach and Von Baer, from whose

researches Burdach appears chiefly to have compiled his account.

This author, describing the vessels of the vitelline sac at the 8th,

9th and 10th days, says "they are covered with a thick layer of cellu-

lar tissue containing the yellow vitelline globules which color it. Also

the small branches, which contain little blood (vasa lutea of Haller),

appear themselves yellow. But it appears to me doubtful whether

they admit the vitelline matter without change. It is perhaps only
the liquid part of the yolk that is absorbed by the veins, for at the close

of the 1 0th day its diminution (the contents of the yolk-sac) is more

considerable than could result from the passage of this substance

through the vitelline canal, and the blood is so little colored in the

small venous branches, that we recognise its mixture with water very

slightly coloured."*

When, however, by repeated ablutions, and by directing a stream of

water over these folds, we detach the granular matter completely, we
behold an exquisite vascular structure that has few parallels for beau-

ty in the animal economy. We then see that vessels alone constitute

the framework of the undulating folds, the large trunks of which form

the base, while innumerable lesser branches dip deeper into the interior

of the sac, inosculating repeatedly, and terminating in a series of very

tortuous branches that fringe the extreme edge of each plica. Nu-

merous simple loops are observed, shooting from the sides of the lar-

ger trunks, and constituting the simplest type of vascular papilla; or

villosities of mucous surfaces.

If then we conceive each trunk, anastomotic branch, in fact every

single loop and vessel, thickly covered with an aggregated arrangement

Burdach, Physiologie, vol. iii.
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of the vitelline globules or nucleated cells, thus concealing the vessels

and colouring them of a bright yellow, we shall have a true idea of

the appearance of these folds previous to the manipulation resorted to

to display the injection. This beautiful lace-work, which bears a near

resemblance to the vascular arrangement of the ciliary processes of

the eye, is recognised, but imperfectly described, by Burdach in the

following passage.

Speaking of the mucous fold of the vitelline sac, he observes that
"

this descends into the mass of the yolk by undulating folds, which

are already distinguished at the commencement of this period (11th

day), but which nevertheless have acquired a depth of more than one

line. These folds are themselves garnished with little wrinkles, and are

evidently analogous to those which, among the superior Vertebrata,

take the place of intestinal villosities. Each of them encloses a vein,

and each wrinkle a little vein."*

Having sedulously attended the admirable lectures of our President

this summer at the Royal College of Surgeons, upon the subject of

development of the egg, and not having heard any allusions to artifi-

cial injections, 1 was induced to try this method to determine the cha-

racter of the allantois : nor was it until after I had been struck with

the beauty of the structure of the vitelline sac, that I consulted any au-

thorities on this subject. The relations of Burdach are so meagre in res-

pect to the vascular arrangement of the capillaries, that I greatly doubt

whether the facts brought now before this Society were fully known
to that writer. I have subsequently inspected the preparations of the

Hunterian collection at the Royal College of Surgeons, and find three

injections of the allantoid membrane : in two, the injection has not

been successful enough to enter a single capillary vessel, while the

third appears to be very greatly extravasated, so that it would have

been impossible to determine this question from any of those prepa-

rations, while there does not appear to be any specimen of injected

vitelline membrane at all. The true nature of this structure, there-

fore, appears to rest upon the imperfect relations quoted from Bur-

dach's Physiology.
I have thought it necessary to throw together these few observations

simply with a view to render intelligible the preparations I shall have

the honor to submit this evening to the attention of the Microscopical

Society.

6, Holies St., July, 1841.

*
Burdach, Ibid, 11th, 12th and 13th days.
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III.—On a new variety of Vascular Tissue, found in a fossil wood

from the London Clay. By James Scott Bowerbank, Esq., F.G.S.

Read October 21, 1840.

The singular variety of vascular tissue which is the subject of this

paper, occurs in a fossil dicotyledonous wood from the London clay of

Heme Bay, in Kent. The texture of the mass is unlike the greater

part of the fossil woods of this formation, which are either composed
of solid carbonate of lime, as in the specimens from Harwich and its

neighbourhood, or of iron pyrites, as in the small pyritical fragments

of stems and branches so numerous among the shingle beneath the

clay cliffs of the north shore of Sheppey. The specimen under consi-

deration is very similar in appearance to Bovey coal, but more friable

and carbonaceous. With a low power a longitudinal section of the

wood has very much the same appearance as a similar section of beech

wood. When a thin slice is viewed as a transparent object with a

power of 100 linear, it exhibits numerous large vessels, the greater

part of which are of that variety of anmdar vessel which has the annu-

lations very much interrupted and divided into numerous portions of

various sizes. Occasionally large vessels are seen, thickly covered

with minute dots, having a dark line passing over the centre of each,

at right angles to the axis of the vessel, (PI. ii. fig. 1). If we increase

the power to 800 or 1000 linear, the structure of this curious appen-

dage to the discoid organs or dots is rendered apparent, and we find

that each of these transverse markings is composed of two lines, sepa-
rated from each other at their centres but uniting at either extremity,

(PI. ii. fig. 2). In most cases these lines do not extend over the sur-

face of more than one dot, and their united ends project slightly be-

yond its margin, but a few instances may be seeu of their extending
over two, three, and even four dots, and then the lines are observed to

expand to the greatest degree over the centre of each of the dots, and

to approach each other slightly in the spaces between them. The
lines and the dots, when viewed with a power of 1000 linear, do not

seem to be precisely in the same plane, the latter appearing to be in

the membrane on the outer surface, and the former in that of the inner

surface of the vessel. When thus highly magnified, the dots exhibit

the same structure as in the similar but very much larger organs that

are so well known upon the dotted ducts of the Conferva ; having
the same lenticular form, and being furnished with a central area or

orifice, which is very apparent when the external surface of the vessel
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is examined ;
but when its internal surface is viewed, it is mostly ob-

scured by the double line which passes immediately across it. Upon
showing this curious tissue to my friend Mr. Edwin Quekett, he kind-

ly favoured me with some thin longitudinal slices from a stem of Piper

nigrum, in the vessels of which he said he had observed a tissue of

an exceedingly similar nature. Upon comparing these with the fossil

specimens, the tissues appeared to be precisely of the same construc-

tion, the only observable difference being that in the vessels of the re-

cent wood the dots and the double lines were more minute than in

the fossil tissue.

There is very little doubt, therefore, that our fossil is either a true

Piper, or very nearly allied to that genus ; and this is rendered the

more probable from my having found several specimens of fossil

fruits from the Isle of Sheppey, which bear a striking resemblance to

those of some of the existing species of the Piper tribe.

There is another remarkable circumstance attending the examina-

tion of this fossil wood. Some of the vessels contain large vesicular

globules, which appear to have been floating freely within their pari-

etes, (PI. ii. fig. 3—5) ; when not in contact with each other they are

perfectly globular and uncompressed : they vary very considerably in

size, in some cases filling nearly the whole diameter of the vessel.

The structure of which these globular bodies is formed is thin and ve-

ry pellucid, and no fibre or other organic structure is apparent upon its

surface. There are also, in some of the vessels, exceedingly small

vesicles interspersed among the larger ones, (PI. ii. fig. 3 a) ;
a portion

of these are opaque and black, but the greater number of them are

transparent like the larger ones. These very minute vesicles do not

exceed the globules of circulation in Vallisneria in size ; and as we
find vesicles of every size intermediate between these minute ones and

the largest of the vesicles, it appears probable that the whole of them

may be attributed to a more than ordinary development of the glo-

bules of circulation, analogous to those observed tn Vallisneria and

other plants.

I have never seen this curious fonn of tissue in any other wood,
either recent or fossil, but I have occasionally observed similar large

pellucid globules slowly moving in the great central cavity of the stem

of Chara translucens, while the circulation of the smaller globules
in its parietes has been proceeding with a much greater degree of

rapidity.

Where the lapidary's process has removed portions of the larger ve-

sicles, as represented at b, fig. 3, 4, pi. ii, there is a granulated appear-
TRANS. MIC. SOC. VOL. I. C
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ance in the sections of the walls of these organs, as if their parietes

were composed, not of a single simple membrane, but of two such

membranes with molecules or exceedingly minute vesicles intersper-

sed between them. I have carefully examined the cuttings of the

wood of the recent Piper nigrum, but have been unable to detect the

slightest indication of the existence of similar vesicles in any part of

its structure.

Note.—Having been present at the reading of Dr. A. Farre's paper
" On certain phenomena observed in the genus Nitella, as illustrative

of the peculiar structure recently discovered by Mr. Bowerbank in a

fossil wood from the London clay." I was induced again to examine

the cuttings of fossil wood, and I observed that there were, in many
cases, the remains of circular granulated masses, which were either

attached to or reposing upon the large vesicular bodies, as represented

at c, fig. 3
—

5, pi. ii. or sometimes, although rarely, floating freely within

the parietes of the vessel, as at d, fig. 4, pi. ii. When examined with

a power of 1000 linear their granulated structure is very apparent, and

they present a striking resemblance to the granulated masses described

by my friend Dr. A. Farre, but they differ in situation, as in the fossil

they were always without, while in Nitella they are situated within

the vesicular body. Their situation in the fossil vesicles, supposing
them to be projecting from the surface but covered by the outer filmy

coat of the vesicle, would render them, both in situation and structure,

exceedingly similar to the cytoblast and the cell which it developes,

as described by Schleiden ;
but the same idea will not apply to the

granulated masses in the recent plant, unless it be that in this case

the aggregation of the globules of circulation is the first step towards

the formation of a cytoblast, or of a congeries of those organs : but

this is a question of such an occult nature, that I but humbly presume
to suggest these ideas in the hope that it may induce others who are

much better acquainted with vegetable anatomy and physiology, to

endeavour to work out this interesting and difficult problem.
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IV.— On certain Phenomena observed in the genus Nitella, as illus-

trative of the peculiar structure recently discovered by Mr.

Bowerbank, in a Fossil Wood from the London Clay. By
Arthur Farre, M.D., F.R.S., &c.

(Read November 25th, 1840).

The observation of a new form of vascular tissue occurring in the

fossil wood from the London clay, as detailed by Mr. Bowerbank in

his paper read at the last meeting of the Society, has induced me to

offer a few remarks on an apparently analogous recent structure, which

I, several years ago, observed in some specimens of Nitella Jlexilis,

kept for the purpose of examining the circulation in that plant.

Before proceeding to detail the result of my own observation, I may
be allowed to quote that portion of Mr. Bowerbank

1

s paper in which

this new fossil tissue is described. The author observes that in the

Heme Bay fossil
" some of the vessels contain large vesicular globes,

which appear to have been freely floating within their parietes ; when
not in contact with each other they are perfectly globular and un-

compressed."
"
They vary very considerably in size, in some cases

filling nearly the whole diameter of the vessel, while in others they do

not occupy a tenth of that space. They are frequently so numerous

that they fill the whole of the vessel. The structure of which these

globular bodies is formed is thin and very pellucid, and no fibre or

other organic structure is apparent upon its surface. There are also

in some of the vessels, exceedingly small vesicles interspersed among
the larger ones. A portion of these are opaque and black, but the

greater number of them are transparent like the larger ones. These

very minute vesicles do not exceed in size the globules of circulation

in Vallisneria ; and as we find vesicles of every size intermediate be-

tween these minute ones and the largest of the vesicles, it appears

probable that the whole of them may be attributed to a more than or-

dinary development of globules of circulation, analogous to those ob-

served in Vallisneria and other plants." The author further remarks

that he has " never seen this curious form of tissue in any other wood,
either recent or fossil ; though he had "

occasionally observed very
similar large pellucid globules slowly moving in the great central ca-

vity of the stem (of Chara), while the circulation of the smaller glo-

bules in its parietes has been proceeding with a much greater degree
of rapidity."

These particulars, with reference to the structure of the fossil wood,

c 2
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and the resemblance to Chara, so happily conjectured, are so com-

pletely borne out by what I have observed in Nitella, that the descrip-

tion of the one might almost serve for that of the other.

In some specimens of Nitella Jlexilis (PL ii. fig. 6) the circulation

was observed to be going on vigorously up to the 4th of April, 1 835 :

on the 6th, two days after the last observation, the circulation "had en-

tirely ceased. The green particles lining the interior of the stems

and branches had shrunk from the parieties, and, together with the

green circulatory matter of the interior, was collected together in ir-

regular masses within the tubes, (PI. ii. fig. 7) ;
but none of the brown

bodies afterwards observed were as yet apparent in any of the pieces.

t
On the 11 tli, five days after the preceding observation, and no in-

termediate one having been made, the same specimens were again

examined, and were found to present characters which I had not be-

fore observed. In many of the joints, the irregular masses of green

matter had resolved themselves into globular bodies of variable size

but definite form, and had changed from a green to a rich brown color.

About half of the joints had undergone this change, the other half re-

maining in the green state, as at the last observation, but the circula-

tion had entirely ceased in all, and the plant was evidently dead.

In the greater number of those joints which contained the brown

bodies, the green matter had entirely disappeared, leaving the tubes

as transparent as glass, with the brown globules like rows of beads ir-

regularly scattered in their interior, (PI. ii. fig. 8 a, and fig. 9). These

varied very considerably in number. In one long joint of the plant

about eighty of them were counted, while in one of the short branches

there were only five. Some of the larger bodies were about half the

diameter of the tubes in which they were contained, while others were

one eighth of the diameter. Those which were completely formed

had all the same character. They consisted of tolerably regular

spheres, except where their form had been slightly altered by lying

in contact with each other. In almost all of them, however, and es-

pecially in the larger ones, there was a slight flattening or a cup-like

depression at one point, which was generally observed to be directed

towards the surface of the tube, and might have been produced by the

globules coming in contact with the parietes of the tube, but was ne-

vertheless retained after they were extracted from it. In the centre of

the flattened portion or cup-like depression, there was always observed

to be a small collection of granules, which were of the usual size of

the globules of circulation, but also of a brown colour, (PI. ii. fig. 10

a). The brown bodies, on account of the now transparency of the
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containing tube, could be examined as readily in situ as when extract-

ed from the joints. In either case they appeared to consist of an en-

veloping membrane, which was probably formed by the aggregation

of the green granules of the plant, assisted by the condensation of the

mucous fluid of the interior ; and thus forming an investing capsule,

which, when torn open, was found to be filled by the green granules
of the plant mixed with mucous fluid, (PI. ii. fig. 11). The investing

capsule was very thin, and presented no other traces of structure than

that which would arise from the formation of a membrane by the ag-

gregation of granular matter.

In those joints in which the brown bodies had been formed, the

green matter of the plant had in most cases entirely disappeared. In

others, where they appeared to be in process of formation, they were

observed to be mixed with the green matter ; and in other parts again

they had not yet undergone the change from green to brown, but

showed themselves in the form of irregular masses of green matter ap-

proaching the spherical form.

It appears then that this remarkable change had taken place within

a week after the circulation had been observed to be going on vigor-

ously in the plant. And the nature of the change appears to be this.

The green granules which line the internal surface of the living joints

desert the parietes, and, together with the green circulating granules
of the interior collect together in irregular masses in the centre of the

tube, which then resolve themselves into irregular spheres, still retain

ing the granular outline, indicative of their formation by aggregation,
but which they afterwards lose on assuming a more perfect spherical

form, and become bounded by an investing capsule, which turns of a

rich brown color, while the contained granules retain their original

green.

It is difficult to imagine what purpose is intended to be answered

by such a change taking place, after all circulation and other evi-

dences of life in the plant have ceased. Yet the idea of such a change

being the result of a merely fortuitous arrangement of the component

particles of the plant attendant on decomposition, is negatived by the

circumstance of the remarkable uniformity and symmetry of the re-

sulting globules, which appear to possess the most definite characters,

differing from each other only in size. Nor is the change by any
means uniform for the whole plant; for in some parts two of the joints

were observed to be in the green state, while the joint situated between

them was free from green matter and contained the brown bodies : but

this might have resulted from the circulation ceasing earlier in the
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central joint, and consequently allowing more time for the changes to

take place.

It would appear that the enveloping of the granules by an investing

membrane was a means of preserving the organic particles in a green

and probably therefore in a living state. But whether for the purpose
of regeneration under a different form (thus affording an example of

equivocal generation), or whether the phenomenon was in any way
connected with the reproduction of the plant, did not appear from any
observation that I could make, as no further change was observed to

take place in the brown bodies beyond that which has been described,

though they were kept in water for a considerable time. An appear-
ance similar to what appears to be the first stage of the process, is not

unfrequently observed in the living Cham, where a number of the

green granules collect together in a mass, which either passes along
with the general circulation, or remains revolving at one extremity of

the tube. But I am not aware that the brown bodies now described

have ever been seen in the living plant, nor have I met with any ob-

servations which at all illustrate the point. The phenomenon how-

ever appears to me to bear very closely upon the remarkable form of

tissue described as occurring in the Heme Bay fossil, and I have

therefore been induced to bring it before the Society, together with

the original drawings, which were made at the time of the observa-

tion, and the preparation of that portion of the plant from which they
were made, and which, though it has suffered from being kept for more

than five years, during which time it has become dry, will still, I be-

lieve, afford a fair idea of the structure alluded to.

These brown globules, contained in the stems of Nitella, appear to

differ from the globules found in the vessels of the fossil wood chiefly

in the circumstance of their being hollow spheres in the fossil, but

capsules filled with green matter in the recent plant.
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V.— On the Structure of some Tissues possessing Hygrornetric

Properties. By E. J. Quekett, F.L.S., F.B.S., &c.

Read November 25, 1840.

The observations contained in the following communication, will

be found to have reference to the effects of moisture and dryness in

causing various alterations in the form and conditions of many of the

organs of plants, in the recent as well as in the dry states
;
and also

it will be attempted to be shown that there is some peculiar structure

and arrangement of the tissues in those parts where these effects are

most manifest.

That there are hygroscopic properties in the tissues of plants can-

not be doubted ;
and that these properties are not universal through-

out the vegetable kingdom is also evident, by the fact being shown

only in plants of particular orders, and in particular parts of various

plants of all orders. As this quality is not general but special, it

must be regarded in the light of an attribute of the plants so endowed

by which they are enabled to exercise particular functions through
this property, which are of essential importance in their economy.
Numerous are the instances where the abstraction from, and the

addition of water to, portions or to some entire plants, exerts singular

effects, which are found to be occasionally the very opposite in one

part to that which happens in another ; for instance, the application

of moisture will cause a contracted portion to expand, and it will also

cause a closed organ to open : the drying of the tissues will also ef-

fect the same changes, causing some organs of plants to open, and

those which moisture opens to contract.

Instances of the first effects are very readily witnessed in the moss-

es, which, notwithstanding they may have been dried and shrivelled

for very many years, yet when moistened they put on the appearance
and characters of living specimens ;

some have even supposed that

life is not extinct in these plants, after many years have been passed
in this dry condition. There can be no doubt that this hygroscopic

property of the tissues of mosses is a special provision, as they are

destined to be in perfection in the winter months, and ripen in that

season the means for their propagation ; so that in the summer

months, when the increased temperature quickly evaporates the mois-

ture from their delicate cellular tissue, they shrivel and wither, yet

they do not perish ;
but on the first rainy season of autumn they ra-

pidly absorb the moisture that falls upon them, their tissues becom-



24

ing distended, and they again are prepared to go through the periodic

performance of those functions which nature has assigned to them.

Other instances of this kind are found in the lowest tribes of Algas,

as in the Gloiocladea, which also will resume an apparently fresh state-

even after being dried for years.

One of the most beautiful however is to be seen in the Lycopodium

lepidophyllum from Peru, where moisture has the twofold effect of ex-

panding the contracted plant, and stimulating its dormant vitality.

Numerous are the instances in which moisture exerts similar effects

which could be mentioned
;
but enough have been brought forward to

illustrate the fact.

Examples where moisture causes closed seed-vessels to open are

not so numerous, but Decandolle mentions that Defrance has observed

that the seed-vessels of Epilobium, and some other genera of the Ona-

gracece (Evening Primrose tribe), expand when saturated with mois-

ture and close when dry ; which fact I have found to be correct in

some respects. The seed-vessel of the Mesembryanthemum or Fig-

marygold exhibits also, we are told, the same phenomenon.
The instances where the dryness of the tissues or the abstraction of

moisture causes a separation and an opening of the cavities of seed-

vessels and other organs, are exceedingly numerous ; and some of the

most beautiful contrivances have been contemplated by nature to per-

form various functions consequent on the changes these organs under-

go, when the aqueous contents are abstracted from their tissues by
that law which is impressed upon them, and operates in the season

of the maturation of the fruit

To bring forward instances of this nature, I shall select only the

most common examples in which the effect of dryness in the tissues

has the property of preparing the way for the dispersion of the seeds.

If a poppy-capsule be examined when ripening, numerous valves or

trap-doors can be discovered beneath the radiated crown, which are

intended to give exit to the numerous seeds within. If the ripened

seed-vessel of the Rhododendron, or that belonging to any of the spe-

cies of Dianth us, Silene, Cerastium, Geranium, Erodium or Carda-

mine be examined, there will be found beautiful contrivances in all

these for effecting the dispersion of the seeds by loss of moisture.

In all these examples this act is performed gradually and silently,

but in some particular plants it is accompanied by a very loud report,

and the seeds are violently ejected. This happens in many species of

Banksia, and still more remarkably in Hura crepitans, the sand-box

tree of the West Indies.
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Besides these contrivances for dissemination, such as valves, springs

and explosions, many others may be noticed of an hygroscopic na-

ture ;
but amongst the various contrivances none can scarcely exceed

the ingenuity displayed in those parts which are destined for aerial

flights, and which cannot be exceeded by the skill of the aeronaut :

notwithstanding Nature does not inflate a hollow bag with a buoyant

gas, still she fabricates a machine which is capable of being wafted on

the lightest winds, carrying with it a parachute containing the living

germ to ripen its produce in some distant spot ;
— such contrivances

being mostly manifested in the Composite, and especially among the

Thistles.

There is another act performed by the aid of moisture and dryness

which approaches somewhat near to locomotion : this occurs in the

fruit of Erodium, and in the parts surrounding the fruit of Avena fa-

tua, commonly known as the "animated oat" where, by the twisting

by dryness and untwisting by moisture of the awn, change of place is

the result.

Notwithstanding the parts selected here as examples are entire or-

gans, and where the hygroscopic action is most marked, still all parts

of plants and all tissues are more or less susceptible of absorbing a

certain amount of moisture, which causes an increase in their bulk.

This is seen in woody portions, as in doors, which close well enough
in summer, but are so enlarged by the damp of winter as to be closed

with difficulty, yet regain their natural size on the return of the dry
season. This reciprocating condition of ligneous parts has been sa-

tisfactorily and ingeniously shown by Mr. Edgworth, who has con-

trived to convert this alternate state of expansion and contraction into

a power acting in one direction, and thereby he has contrived to con-

vert a peculiar form of wooden stool into a locomotive machine.*

Enough has been said to establish the broad principle of the hygro-

scopic properties of vegetable tissues in particular instances, and in

the next place it becomes necessary to examine if, where these cha-

racters are so evident and accompanied with such marked effects,

* The stool was made of wood that absorbs moisture readily (deal cut endways from

the plank was used by the author), and into it fixed four legs, inclining all in one direc-

tion, at about 20° with the top, each terminated with a point of metal, which, from the

inclination of the legs, would only allow the stool to be moved in one direction. As it

expanded by moisture it would cause one pair of legs to recede a small space from the

other, and when it contracted, the legs that first receded could not be again brought
to the spots from which they moved, but the legs which remained fixed by expansion
now will be moved by contraction, and by the changes occasioned in the wood by ex-

pansion and contraction, caused the stool to move always in the same direction.
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there can be discovered by the microscope anything in the arrange-

ment and nature of the tissues of those parts which exhibit the above

alterations and separation of their several portions, that will account

for these changes satisfactorily.

In plants like mosses or other vegetables which merely expand and

contract by the application of moisture, without disturbing the rela-

tion the several parts bear to each other, nothing can be seen in such

beyond the ordinary character of cellular tissue, and in all probability

the avidity for water in these plants depends upon some different che-

mical characters of the tissues themselves, when contrasted with cel-

lular tissue not so hygroscopic; this power of absorption being always
most in new, and in those tissues which are devoid of deposits.

When however other examples are examined where evident dis-

placement or separation of parts obtains, and this always in the same

direction and attended always with like results, then it can be disco-

vered that not only is the tissue more hygroscopic at that part, but the

arrangement is such as to ensure the effect nature has intended. Let

us take, for example, the capsule of some plant of the order Caryo-

phyliea, as Cerastiutn, and it will be found that when that organ ap-

proaches maturity, the apex, which was pointed and entire, will

open by splitting into five equal valves, which curl outwards, making
one complete coil, and always in the same direction ; by the applica-

tion of moisture the valves will resume their original position, and

when dry take on the curled form again.

If one of these valves be examined it will be found to be thin and

diaphanous where it forms part of the body of the capsule, but where

it is hygroscopic it is horny and opaque. When a section taken from

the edge of the valve or curled part longitudinally is examined by the

microscope, it will be found that the tissues will be different on the

exterior and internal surfaces, both however cellular
;
but the inner

layer, or the cells of the convex border, are of different dimensions

from the outer, being neither so large nor having so thick walls, (though

they are thicker than ordinaiy cells) ; whilst those of the outer layer

are almost solid, and the only cavity they have is indicated by thin

spaces between a series of lines, the chief one of which is in the di-

rection of the longer axis of the cell, the others connected to it at

right angles. These cells are of most curious structure, and form an

interesting object for the vegetable anatomist.

In this arrangement of parts it must be evident that by the shrink-

ing of the tissues of the seed-vessel by loss of moisture, there will

occur unequal contraction, and that side will be curved which con-



27

tracts the most forcibly, and by this curvature one valve must neces-

sarily be removed from the next, evidently showing that the tissues

act as unequal antagonists to each other.

A very analogous effect can be observed in the species of Gerani-

um, which, if examined before the fruit is quite ripe, will be found to

have the several carpels attached to the base of an elongated recepta-

cle, and the apices of each (styles) to be attached to its whole length.

When maturation arrives, by the loss of moisture the lengthened apex
of each carpel evinces a tendency to be curved outwards, and this

tendency increases to such extent, that ultimately it overcomes the

adhesion which existed between the receptacle and itself, excepting
at the point, and separates from it with considerable elastic force,

and ejects the seed from the carpel through a naturally formed aper-

ture, at the same moment when it assumes a curved form, still main-

taining adhesion by its apex to the receptacle.

If this elongated portion of the carpel be examined, either by mak-

ing a transverse or longitudinal section, which can be well done in

Geranium sanguineum or dissectum, it will be readily seen that the

part which curves is composed of two tissues of different colours

and densities, the most dense being situated externally and on the

concave face of the organ ; the effect being exactly similar to that

produced by riveting together a flat piece of brass to a similar piece
of steel, and exposing the whole to the same temperature. As these

expand unequally when heated together, a curvature is formed, the

convexity of which, of course, will be on the side of the most expan-
sive metal.

The elongated beak of the carpel of Erodium cicutarium and other

species is, like the Geranium, attached to an elongated receptacle,

which it leaves not by a sudden elastic spring, but by the carpel be-

coming detached first, and then the apex twisting several times, until

at last it separates itself from the receptacle. In the structure this

elongated portion of the fruit is somewhat like the Geranium. It pre-
sents in the transverse section an elliptical outline, and exhibits on

one side a tissue composed of woody fibres, with extremely thick pa-

rietes, there being scarcely any canal in their interior, and on the other

a still more dense tissue ; at the spot where these tissues unite the fi-

bres possess a greater canal and a looser character, which appears a

change gradually effected on one side only, for where the fibres pos-
sess the greatest calibre, there is no gradual diminution towards the

other of their thickness.

The organ is not composed equally of the two kinds, but one occu-
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pies about four fifths, the other the remainder ;
if these tissues of un-

equal density occupied an equal share of the organ, a strong curve

would be the result
;
but as the Erodium has no aperture to eject the

seed if there were a sudden jerk attending its separation, that act is

not required, consequently the apparatus for disengagement is some-

what modified.

It appears from observations that besides this arrangement for pro-

ducing an alteration of form, that there exist some peculiar hygro-
metric properties ; for when longitudinal sections of this portion are

placed under the microscopic and water is added, they do not appear
to expand equably, one side expanding before the other, and appear-

ing to slide in advance of it. If this be the case in the entire organ,

it is readily seen that it is obliged to accommodate itself to the spiral

form by losing the moisture from its tissue.

By far the most curious set of hygroscopic actions are manifested

in the expansion of the pappus or seed-down of some plants belong-

ing to the order Composites. The calyx of the florets of these plants

does not put on the leafy character common to most flowers, but is

composed of many curiously constructed feathery hairs, which appear
to be the representatives of that organ in a very rudimentary condi-

tion
;
and by the design of Nature is destined to serve a most curious

part in the dissemination of these plants. When the seed-down of

Cnicus eriophorus is examined in its natural situation, it is found to

be arranged on the apex of the fruit, like the hairs in a pencil brush,

crowded amongst hundreds belonging to other florets, and so com-

pressed by those by which it is surrounded, as to be unable to expand
the numerous parts of which it is composed ; but by the continued

drying of the tissues the whole mass of seed-downs partakes of the

same struggle to expand their rays, and coupled with the contraction

of the receptacle on which they are situated, the numerous mass be-

comes at length detached. When freed from the pressure of each

other, the heat of an autumn day causes the expansion of the several

filaments, which, radiating from the same centre, soon arrange them-

selves into a globular figure, the seed being attached to the centre.

In this state each becomes the sport of the wind
; the passing current

wafting it from its place of birth, bears it away, and it obeys the dic-

tates of the element till the breeze slackens, when it descends slowly

to the earth, and if the place of its descent be charged with moisture,

then its career is stopped, that becoming either the place of its growth

or of its destruction.

Such is the nature of the office of this seed-down, but the most in-
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teresting part is to determine in what manner this appendage to the

fruit is converted by a little sunshine or increased temperature into a

globular shape. My attention was given to this subject from observ-

ing so many of these spheres floating in the air in the most dense

parts of this metropolis in October last, which showed how perfectly

the apparatus which Nature had contrived answered the purpose, for

it must be evident that they must have grown many miles from the

heart of the city, where several specimens were taken whilst descend-

ing to the earth.

It was imagined at first that the mechanism was something similar

to the spines of an Echinus, being articulated to the apex of the fruit,

and when the fruit contracted by drying the points of attachment be-

came more approximated, and caused the several rays to expand ;
—

but on more minute examination it was found that the seed-down was

not connected directly with the fruit, but all its rays were attached to

a ring, which was easily separable, together with the entire apparatus,
from the fruit, and still was capable of expanding and closing pre-

cisely as if it remained in its natural situation. In Leontodon and

Tragopogon the pappus is elevated on the attenuated apex of the fruit.

To account for the radiated expansion of the filaments, seated

around a thin ring, was still more difficult
; which, on examination by

the microscope, appears to be composed of minute granular cellular

tissue, constituting a narrow band which connects the bases of the

rays. On looking at the structure of the rays themselves, they were

found to be composed not of one simple feathery hair, but that nume-

rous fine hairs were condensed into a bundle, and the apices of the

whole becoming detached at unequal heights, caused the feathery

structure on their exterior. On examining the connection of the base

of each with the ring, it was found to be wedge-shaped or conical for

a slight distance up the shaft.

When these several parts are in their natural position, before ex-

pansion, it is not impossible, I conceive, that the shafts of the rays

touch each other for some distance, and that the conical ends are

therefore a little removed from each other; when the moisture has

been dissipated the ring contracts, and by so doing brings the conical

ends of the rays into close contact, and they are obliged to assume a

circular arrangement by the extremities diverging and the bases ap-

proximating each other, like the wedge-shaped stones of an arch. If

this force, which acts horizontally, be imagined to act also in every
vertical plane, we may then have the several rays taking on the figure

of the specimen. By the application of moisture the ring expands,
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and the rays collapse to their original position. Notwithstanding this

mechanical explanation may account for the fact in some way, yet
some of the rays take occasionally a direction that leads me to believe

that besides this force arising from the hygrometric nature of the

ring, they possess in their structure individually hygroscopic proper-

ties, and are capable, like the Geranium and others, of moving and

taking a definite direction by the loss of moisture.

The above instances, though numerous others might be selected,

give illustrations of the action of the evaporation causing the separa-

tion of parts, opening of valves, and the expansion of various organs

of plants, but it happens in the species of Epilobium and Oenothera,

that moisture performs the same part. In these it will be found that

tissues having different contractile powers are opposed to each other

as before, but in the reverse method to that which has been described.

Such are sufficient examples to prove that wherever change of po-

sition or form occurs by moisture or dryness, there is some peculiar

structure of the part;
— the tissues having different hygroscopic pro-

perties, and these tissues so arranged as to be antagonists to each

other. For if there were not this antagonism, the parts being com-

posed only of one tissue of uniform density, there would be merely

shrivelling in length or thickness, and we should never find spiral or

curved portions in any organ occurring from loss of moisture. Whilst

these several parts are young, no displacement occurs, the balance of

this power in the tissues being preserved, but as soon as the equili-

brium is disturbed, then the effects before mentioned ensue.

To account for these actions consequent on the hygroscopic pro-

perties the theory of endosmose has been brought forward, which is

ingenious, and would be satisfactory if the arrangement of parts were

always in accordance with that theory ;
when dryness performs the

duty, we should expect the dense tissue to be on the reverse side of

the curve to which it isfound.

If we examine the section of the valve of Cerastium, it is seen that

the most dense tissue is on the concave surface, the same in Gerani-

um : yet the application of moisture straightens these organs instead

of increasing the curve ; consequently endosmose will not explain the

phenomenon in all instances.

When in those organs which, by loss of moisture, have the conca-

vity of the curve on the side where the tissue is most dense, one of

two circumstances must happen in producing it:— 1. Either that the

natural condition of the dense tissue is elastic, and having a tendency
of its own to bend, and when not opposed by a counteracting force
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(as by the looser being charged with fluid), it then coils as a spring
—

or in the other case, by both tissues losing their moisture, the denser

contracts the most forcibly and the curve is toward that side where it

is placed. By the addition of moisture the elasticity of the denser is

destroyed, and the filling of the cells of the looser restores the equili-

brium and the parts regain their natural position.

When we consider the nature of this power,
—its various degrees from

being barely perceptible until it alarms us by the violence of its re-

ports, and reflect what its effects are and in what parts of plants it is

generally to be observed, which will be the most frequent in the or-

gans of reproduction ; one is almost led to believe it to be a power

given to plants, which is in some measure the representative of the

muscular system in animals : for if in plants we discover any change
of place of an entire plant, or of any organ, so as to alter its position

or remove it completely from the parent, though it is but a feeble act

of locomotion, yet it is performed by this power, and almost the whole

of the numerous means of promoting the escape of seeds from the

seed-vessel depend on the separation of the parts by means of their

peculiarly adapted structures.

Besides these properties there can be no doubt that this same pow-
er is employed under vital agency, in regulating elasticity, expansion
of flowers, opening of the anthers for the dispersion of the pollen, and

other functions which are hidden from our examination.

The marked effects which have been mentioned are only a few that

have been selected on account of the instances being so well known,
but others are to be found with the greatest frequency ; scarcely can

a plant be examined in which these actions are not evident in some

parts of its structure
;
each of which forms but another instance of

the wisdom and intelligence displayed in the structure and contri-

vances exhibited in the vegetable creation.
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VI. — On the Keratose or Horny Sponges of Commerce.

By James Scott Bowerbank, F.G.S., &c.

Read January 27, 1841.

Until the publication of the valuable papers by Dr. Grant in the
'
Edinburgh New Philosophical Journal

'

for 1827, but very little can

be said to have been known of the true structure and functions of the

sponge tribe. In the descriptions there given of the examination of

numerous British species, the learned Professor has not only made us

intimately acquainted with their general forms and structure, but he

has developed the mode of their propagation, and shown it to approx-
imate so nearly to that of the coral tribe, as to leave but little reason-

able doubt of the truth of their animal nature. I will not repeat the

evidences of the author to establish these facts, as the papers con-

taining the proofs are so easily accessible. It will be sufficient to ob-

serve that he has proved that the whole of these poriferous animals

are composed of a minute reticulated structure, which derives its sup-

port from a thread whose structure is either horny or cartilaginous,

hence called keratose ;
or from the dispersion through its substance

of numerous siliceous or calcareous spicula. Accordingly as each of

these modes of structure prevails, the sponges are divided into various

genera, and among these there is one which contains the sponges of

commerce and other keratose species, which are said to consist of tu-

bular horny fibres, and to be destitute of spicula. It is this tribe that

I purpose making the subject of this communication.

The investigations of Dr. Grant were in a great measure confined

to those orders of sponges which contain in great abundance either

calcareous or siliceous spicula : of these the only known British spe-

cies {Spongia pulchella) has been published by Sowerby in the '
Brit-

ish Miscellany,' as occurring on the southern and western coasts of

England. Dr. Fleming, in his ' British Animals,' p. 524, has thus de-

scribed the genus Spongia :— "
Porous, the cartilaginous skeleton

simple, or destitute of earthy spicula."

I was induced to investigate this tribe in consequence of having re-

cently received from my friend Rupert Kirk, Esq., of Sydney, Austra-

lia, about forty species of various genera of sponges, among which

were many exhibiting every appearance of being true keratose spon-

ges, and which, on a superficial examination, might reasonably have

been expected to be destitute of spicula, but upon examining small
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fragments of them with a power of 300 linear, I was much surprised

to find many of them with well developed spicula embedded in the

centre of the horny fibres ;
and on extending my observations to other

species, I found that there were few or none of these keratose sponges
in which spicula were not to be detected in some of the fibres ; al-

though it often required a considerable degree of patient research to

find them, and very frequently the first intimation of their presence in

the sponge, was only to be obtained by burning, comparatively, a

considerable mass before the blow-pipe, subjecting the ash to the ac-

tion of dilute muriatic acid, and then examining the residue. But in

all cases where their presence was thus detected they were afterwards

by patient investigation found in situ.

From the results of the examination of the Australian species I was

naturally led to suspect that siliceous spicula might possibly be de-

tected in the sponges of commerce ;
and that I might investigate them

as nearly in their natural state as circumstances would permit, I ap-

plied to a large importer of sponges, who very kindly supplied me
with the species and varieties of the sponges of commerce, before they

had undergone the usual process of cleaning and bleaching.

The principal sources for the supply of the European market with

sponge is the Mediterranean and the West India islands, and espe-

cially the Bahamas. The former is of a finer texture than the latter,

and is designated Turkey sponge. Upon carefully examining a con-

siderable number of specimens of this description with the microscope,

I found two well-marked species. The West Indian sponge also

proved to be a species distinct from either of the Turkey ones.

The two species of Turkey sponge are so similar in external cha-

racter as to render it impossible to distinguish them from each other

by a superficial examination ; but in their anatomical structure there

is a distinct and very striking difference. The common form— the

Spongia officinalis of Lamarck—is so familiar to every one as to ren-

der a lengthened description of its external characters unnecessary j

but it must be remarked that in the state in which we usually receive

it, it has been carefully cleaned by maceration in water or a weak so-

lution of acid, from all remains of the mucous or fleshy coating of the

horny fibre
;
and if we examine a fragment of such a specimen be-

neath the microscope, we shall perceive the fibres to be totally free

from all remains of this fleshy coat, and in this state it has the appear-

ance of a smooth light amber-coloured fibre : but if we examine a

specimen which has not been thus treated, the thread, especially that

of the interior of the sponge, is seen to be coated with a thin and

TRANS. MIC. SOC. VOL. I. D
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somewhat rugose film containing minute granulations, the whole be-

ing of a darker colour than the mass of the fibre, as represented in fig.

1
, PI. iii. which exhibits a portion of the fibre of Spongia officinalis

deprived of its mucilaginous or fleshy coat, and fig. 2, which repre-

sents a fibre upon which it has been retained; and also in fig. 14,

which is from a fibre of the West Indian species.

It is probable that these granules are the incipient gemmules of the

sponge, for in some instances I have found pellucid circular bodies,

containing a central nucleus, embedded in a fine membrane that coat-

ed the fibre. There is much difficulty in finding these bodies in situ,

in consequence of their great transparency, but when the membrane

happens to have been disturbed and partially removed they become

very apparent, and present the appearance represented in fig. 3, PI. iii.

when viewed with a power of 1000 linear. When these nucleated

bodies were observed upon the fibre, the granulated appearance seen

in fig. 2, PI. iii. was not apparent, and as the nucleated bodies are

considerably larger than the granulations, there is a great degree of

probability that they are the gemmules of the sponge in an advanced

stage of their development.
I am not aware that any author has described the gemmules of the

keratose sponges, but those ofnumerous species of Halichondria have

been so minutely examined and described by Dr. Grant in the 'Edin-

burgh New Philosophical Journal,' and they agree in their general

character with the bodies under consideration, so closely, as to leave

but little doubt in my own mind that they are really the gemmules of

the sponge in one of their earliest stages of development ;
but this is

a question which cannot be satisfactorily determined without an exa-

mination of the living sponges under the most favorable circumstances.

The greater part of the fibres consists of cylindrical transparent

threads, frequently anastomosing, and varying very considerably in

their size. This portion of the tissue is destitute of spicula ; but there

often occur, dispersed amid this form of tissue, large flattened fibres

running in a straight direction, and not anastomosing so frequently

as the surrounding cylindrical threads ; and it is in this portion of

the tissue that the spicula are found, embedded in its centre, as repre-

sented in fig. 1 a, PL iii.

Sometimes there is only a single spiculum embedded in the centre

of the fibre, while at others two, and occasionally three or more, are

grouped together, and here and there one will project a third or half

its length from the side of the fibre.

The spicula vary very considerably in their size and proportions,
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some of them being slender, much elongated, and terminating acutely,

while others are short, thick, and terminating at both ends abruptly in

a point. The central cavity in all the forms is distinctly to be seen,

(PL iii. fig. 4—9). These varieties in form of the spicula are most

conveniently obtained by burning small fragments of the sponge be-

fore the blow-pipe, and treating the ashes with diluted muriatic acid.

All the authors, I believe, who have hitherto treated of this sponge,

have described the fibre as consisting of a series of horny tuJbes. Pro-

bably this error has arisen in the first place from their great transpa-

rency, and secondly from the want of microscopical combinations that

would admit of their being examined in such a manner as to allow of

their true nature being discovered. For it is only by a careful exa-

mination of their structure as opaque objects, by the aid of a Lieber-

kuhn, and with a power of about 500 linear, that the solidity of the

fibre can be exhibited with certainty. This examination is much fa-

cilitated if a small mass of sponge be tied firmly round with thread, so

as to compress it into the form of a cylinder ; and then if a section at

right angles to its axis be made with a sharp knife, the transverse sec-

tions of the fibres will be readily seen, presenting exactly the same

appearance that we observe in a similar section of any somewhat sof-

tened horny substance. The face of each section is covered with pa-

rallel streaks or lines, occasioned by the passage of the knife, but not

the slightest appearance of a central orifice can be detected, and the

results are precisely the same, whether the specimen under examina-

tion be dry or saturated with water ; (PI. iii. fig. 10). It is somewhat

singular that in the latter case, when the fibre was supplied with water

while beneath the object-glass, it did not present any sensible increase

of substance or the slightest variation in form. Upon examining in

the same manner the second species of Turkey sponge, and the West

Indian species from two localities, the results were precisely the same,—not a single tubular fibre could be detected in any of the numerous

specimens subjected to examination.

If we examine fragments of these sponges as transparent objects,

with the same amount of microscopic power (500 linear), we never

observe any partial injections of air in the interior of the fibre, which

would certainly be the case if they were composed of tubular instead

of solid threads.

The second species of Turkey sponge, as 1 have before stated, is so

similar in its form and external characters to Spongia officinalis, as to

render it difficult, if not impossible, to distinguish one from the other

without the aid of high microscopic powers ;
but immediately we sub-

D 2
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ject them to this test, the difference becomes at once apparent. The
mode of arrangement and size of the fibre of the new species is very
similar to that of the former one, and the large irregularly formed tis-

sue containing spicula occurs as frequently as in Sp. officinalis. The

striking character in this species is its possession of a beautiful vascu-

lar tissue, wliich surrounds, in great abundance, nearly every fibre of

its structure
; which, when it is immersed in water and viewed as a

transparent object with a power of 500 linear, presents the appearance

represented at figs. 11 and 12 PL iii. where the vessels are seen mean-

dering over the surface of the fibres in every direction. Sometimes

they proceed for a considerable distance in a line nearly parallel to

the axis of the fibre, giving off frequent lateral branches at right an-

gles, some of which terminate immediately in cceca, while others em-

brace half or two thirds of the diameter of the fibre before they ter-

minate; other branches thus given off continue their course for a

considerable distance, either running parallel to the parent vessel, or

passing in spiral lines round and round the fibre
;
the direction of the

spire sometimes being from right to left, and at others from left to

right. Occasionally they expand to twice their original diameter, and

again contract to their former size. This beautiful tissue is not im-

bedded in the horny mass of the fibre, but is contained in a sheath,

which closely embraces it, and it frequently occurs in the preparation

of a fragment of the sponge for examination, that the horny fibre is

withdrawn from this sheath, leaving it in the form of a thin membra-

nous tube, in the substance of which the vascular tissue is imbedded.

Fragments of the vascular coat are also often seen partly adhering to

the fibre from which they have been torn. The vessels are completely
imbedded in the sheath which contains them, as no projection of their

surface appears when they pass round the fibre. It might at the first

view be imagined that they were merely excavations or canals in the

substance of the sheath surrounding the horny fibre, but this is proved
not to be the case, by their often being torn out from the substance in

which they are imbedded, and exhibited as a detached network. So

in like manner it might be thought they were but a tissue of solid fi-

bres imbedded in the outer coat of the structure ;
but their tubular

character is established by the frequent occurrence of alternations of

air and water within their cavities. Little doubt therefore can remain

of their being a true vascular tissue, destined to perform an important
office in the economy of the animal during its life.* In one instance

* Since this paper was read, my friend Mr. G. Busk, of the Dreadnought Hospital
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(PI. iii. fig. 12, a) I observed in some of the vessels numerous minute

globules, exhibiting every appearance of being globules of circulation

analogous to those found in the blood of the higher classes of animals.

They are circular, and vary in size from each other to about the same

extent that the blood-discs in man and animals do. The largest of

these globules was r6 | 66 of an inch in diameter, the smallest ro S 00

of an inch. The mean diameter of the vessels was 93 l 6 of an inch j

and the fibre of the sponge upon which they ran was yf^ of an inch

in diameter.

A similar vascular tissue exists in a considerable number of the ke-

ratose sponges from Sydney ;
in some it is as distinctly apparent as

in the Turkey sponge (as in fig. 13), while in others, although equally

abundant, it is scarcely to be distinguished from the horny mass of

the fibre. In some of the Australian species, where it is extremely
well developed, the centre of the horny fibre abounds in spicula. In

some specimens of Spongia officinalis also, there are faint traces of

a similar tissue occasionally to be seen. Upon making sections of

small cylindrical bundles of the Australian species, in the manner be-

fore described, and viewing them as opaque objects with a power of

500 linear, and with the aid of a Lieberkuhn, they proved to be of as

solid a texture as the sponges of commerce : no indication of a cavity

existing in the fibre being apparent, excepting where spicula had
been formerly imbedded, and which had been displaced by the pas-

sage of the knife. The only truly tubular sponge that I have yet seen

is Spongiafistularis, described by Dr. Grant in one of his papers in

the '

Edinburgh New Philosophical Journal.' I am indebted to the

learned Professor for a specimen of this interesting species, he having

kindly shared with me the few remaining fibres in his possession.

Upon examining these, immersed in water, with a power of 500 linear,

I found the interior of the horny filaments to be truly tubular. The

filaments, unlike those examined by Dr. Grant, were quite empty,
no dark granular matter being visible ; and in several of them I saw
the air gradually expelled by the entrance of the water, thus proving
the truth of their tubular nature beyond a doubt. I cannot take leave

of this subject without a few observations on the nature of the spicula
which are found in such abundance in these curious bodies.

Professor Grant, in his * Outlines of Comparative Anatomy,' p. 5,

Ship, whose skill in the injection of fine vascular tissues is so well known, has succeeded

in
filling these minute vessels with coloured pigments, in the most complete and satis-

factory manner.
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says
— " The skeletons of poriferous animals consist of separate mi-

nute, earthy, crystalline spicula, connected together by a condensed,

elastic, cellular substance ; or of tubular elastic filaments of a horny
consistence. These parts are developed internally through the whole

cellular tissue of the body, and are often protruded through the sur-

face to protect the pores or the large vents. The earthy spicula in

most of these animals are siliceous, in many they are calcareous, and,

like the horny filaments of other species, they appear to be tubular,

like many natural crystals." Professor Rymer Jones, in his ' General

Outlines of the Animal Kingdom,' p. 14, says,
—

"Crystallized spicula
of this description form a feature in the structure of the sponge which

is common to many vegetables, resembling the formations called ra-

phides by botanical writers."

I am not aware of the existence of any true crystals which naturally

present a central orifice similar to that of the general mass of the spi-

cula of sponges. The normal characters of a true crystallized body

appear to me to be solidity and angularity ; while, on the contrary,

the prevailing form of the earthy deposits in the animal kingdom is

that of the hollow cylinder. In this respect, therefore, the spicula of

sponges, whether they consist of siliceous or calcareous materials, al-

ways present themselves in the shape of a true cylinder, or of some

modification of that form. In further confirmation of the probability

of their animal origin, it may be stated that when siliceous spicula

are exposed for a considerable length of time to the action of the

blow-pipe, and then examined with a power of 500 linear, it is usu-

ally apparent that the internal tubular cavities of the spicula are coated

with a film of carbonaceous matter, strongly indicating the exis-

tence of a thin coating of animal substance within the spicula, (Pl.iii.

fig. 4—9). The external surfaces of the spicula also frequently ex-

hibit a carbonaceous filmy coat when incineration has not been con-

tinued too long, which gives them the appearance of having been co-

vered with a thin film analogous to the periosteum of true bone.

The raphides, in many instances where I have had the opportunity

of observing them, have presented a truly crystallized and angular

form. They are solid, and, in no case that I have observed, cylindri-

cal like the spicula of sponges. Nor do these curious bodies occupy
the same relative situation in the plant that the spicula do in the

sponge. The latter are truly a portion of the organization of the ani-

mal, while the former can be considered but as a secretion deposited

in the cellular or inter-cellular structures of the plant. Under this

view, therefore, they cannot be adduced as a link connecting the
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sponges with the vegetable kingdom. It is also worthy of observation

that the normal form of the spicula of sponges is the same, whether

they be composed of silex or carbonate of lime, which would still fur-

ther seem to indicate that they were truly an animal deposit ; and in-

deed Dr. Grant, in a subsequent sentence in the same page of his

'Outlines of Comparative Anatomy' that was before quoted, says
—

"
they are formed from materials due to the vital energies of the ani-

mals, and they form normal and necessary parts of its structure, like

the solid skeletons of higher animals."

The solidity of the fibre of the sponges of commerce, and of the

whole of the keratose species from Australia that I have examined,
will render it necessary that Spongia Jistularis should be removed

from this groupe, and I therefore beg to suggest the propriety of mak-

ing it the type of a new genus to be denominated Fistularia ; and

this is the more necessary, as, among the fossil sponges, tubular spe-
cies are found in very considerable numbers.
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VII.— The process of charring Vegetable Tissue as applied to the

examination of the Stomata in the Epidermis of Garden

Rhubarb. By the Rev. J. B. Reade, M.A., F.R.S.

Read July 21, 1841.

Since I first suggested the process of charring vegetable tissues,

with a view to a more accurate knowledge of their structure, I have

had many opportunities of observing the advantages of its application.

The well-defined form and peculiar character of the cells of cellular

tissue, especially when the cellules are reticulated
;
the inner and se-

parable membrane of spiral vessels, as in the Acrocomia aculeata ;

the external position of the spiral thread with respect to this mem-
brane ;

and the undoubted existence of spiral vessels in the roots of

many dicotyledonous plants ;
— these are among the more interesting

examples of the success of the experiment.
It is my present intention to do myself the honor of communicating

to the Microscopical Society, the result of a recent application of this

process to the epidermis of the leaf-sheath or ochrea of the common

garden rhubarb. A flower-stalk of this plant, with its beautiful and

well-known series of involved sheaths, out of which the clusters of

flowers and their basal leaves successively emerge, so entirely loses

the naturally strong adhesion between the subjacent cellular tissue

and the epidermis, if it be placed for a few days in water, that this

investing membrane may be readily separated by the finger from the

inner surface of the sheaths. Portions of this delicate tissue, of con-

siderable size, translucent and colourless, may thus be obtained in a

fit state for microscopical investigation.

The first thing which is noticed upon examining this tissue in its

natural condition, a little water only being placed between the glasses

to prevent the loss of light consequent upon the inner reflections from

the surfaces of the glass, is the beautiful development of the sto-

mata and their surrounding concentric layers of green molecules.

The number of these stomata in a square inch is about 6000. They
are of an oval form, having, in the larger examples, a major axis of

^tf of an inch, and a minor axis of about half that length.

Stomata are described by Professor Lindley as "
passages through

the cuticle, having the appearance of an oval space, in the centre

of which is a slit that opens or closes according to circumstances."

But it is added,
— " there is, perhaps, nothing in the structure of
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plants upon which more different opinions have been formed than

these stomates." Professor Lindley himself, for instance, supported

by Decandolle, Adolphe Brongniart and Link, recognizes them as

openings. Other anatomists of high reputation entertain a directly

opposite opinion, and deny the existence of passages. Dr. Brown

describes them as glands, really almost always imperforate, with a

disk formed by a membrane of greater or less opaqueness. It would

doubtless be great presumption in me to say that the opinions of all

these eminent observers are wrong ; nevertheless, I cannot say, with

the example of the rhubarb before me, that any one is exactly right.

Those who deny, in toto, the existence of apertures, or suspect the

openings to be an optical deception, are unquestionably in error.

Professor Lindley seems almost to doubt whether Dr. Brown has suffi-

ciently established the existence of the membrane overlying the aper-

tures ; and Dr. Brown makes the perforations the exception, and not

the rule. One thing, however, is clear, from this contrariety of opin-

ion, that the ordinary mode of microscopic examination, which has

led so many naturalists to different and opposite conclusions, must

fail in the case before us. And indeed, the fact is, that the tissue in

question is of so delicate a nature that an observer might be pardoned
if he either considered the supposed openings to be spaces more pel-

lucid than the surrounding tissues, or if he confessed at once, with the

celebrated Grew, that he had no exact idea of their structure.

The application of the process of charring will be found to throw

great light upon the whole subject. From its very nature it will act

upon the vegetable tissue, but upon that only ; and will consequently

discover, with the utmost exactness, every the most minute perfora-

tion. At the same time it will not fail to enable us to detect the most

delicate portion, and the precise position and character of this natu-

rally colourless membrane. Accordingly, the examples which will be

submitted to actual inspection
—"oculis subjectaJidelibus" will esta-

blish the following facts :
—

That in the simple uncharred state of the semitransparent tissue

there is much room for difference of opinion, so that the eye, fortified

by a little previous theory, might most pardonably see the stomata

either open or closed.

That the application of the process of charring proves, beyond a

doubt, that the stomata in this tissue of the rhubarb are distinct open-

ings into the hollow chambers of the parenchyma of the leaf.

That the perforation is the rule and not the exception in the

structure.
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And that the exception, where it exists, i. e. where the stomata are

closed, proves the existence of the overlying membrane discovered

and described by Dr. Brown.

This last fact, indeed, is very satisfactorily established. The mem-
brane alluded to, though in some cases wholly absent, yet in others it

slightly projects beyond and along the margin of the apertures, it is

sometimes partially extended quite across, and again, as a delicate

tympanum, it wholly overlies the stomata.

I venture to submit these few observations, under the impression
that a successful investigation of the functions of elementary organs
must be preceded by an accurate knowledge of their structure.

Stone Vicarage,

Aylesbury, May 25, 1841.

Postscript to The Rev. J. B. Readers paper
" On the process of char-

ring Vegetable Tissue, as applied to the Stomata in the Epi-
dermis of Garden Rhubarb." By the Rev. J. B. Reade.

Some ingenious experiments by Dr. Williams, communicated to the

Microscopical Society last August, appear to lead to the conclusion

that the process of charring vegetable tissue is of very doubtful effi-

cacy in determining delicate structure. With respect to the stomata

in question, he is led to infer that their overlying membrane, though

having, under the application of this process, every appearance of a

continuation of the epidermis, is really nothing more than an inspis-

sation of gelatinous mucus, raised by the heat into contact writh the

glass, and, by the mere accident of pressure, extending as a carbon-

ized pellicle from one edge of the aperture to the other.

That much caution is necessary in the application of red heat to a

delicate and almost imperceptible tissue must be conceded at once,

and it is certainly far from unreasonable to call in question the results

of such agency. In the present case, however, a very few words of

explanation will convince those who are interested in this enquiry,
that the process of charring not only enables us to say, in every in-

stance, whether a given stoma is open or closed ; but, with reference

to the point in dispute, it assists us in detecting the structure which

determines the character of the membrane.

The charred specimen which illustrates these few remarks was first

of all immersed in alcohol, distilled water, and dilute hydrochloric
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acid. When perfectly dry it was carefully examined under a high

power, and the membrane, which we are not to forget was originally

discovered by Dr. Brown without the application of heat, appeared

distinctly organized, extending along and beyond the margin of the

stoma, and uniting, almost after the manner of lips, in the enclosed

oval space.

These labia, where they existed, became more evident after the

process of charring ; which process, in the particular example now
alluded to, was so conducted as to obviate all error arising from pres-

sure. The tissue was placed on a slip of glass, and submitted to the

action of heat, without being covered by another slip. Thus both

the supposed sources of error are avoided ; the one, by the previous
removal of organic mucus

;
and the other by a different manipulation.

Mr. Lens Aldous has furnished me with a sketch of these membra-
nous labia of the stomata under the direction of Mr. Bowerbank, (PI.

i. fig. 3). The power employed was about 2000 linear; and I may
be permitted to add that Dr. Williams, after seeing the membrane
under this power, immediately approved of the process which ren-

dered it so distinctly visible.

Stone Vicarage,

November 20, 1841.
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VIII.— On the Anatomy offour species of Entozoa belonging to the

genus Strongylus, from the Delphinus phocoena, or common

Porpoise. By John Quekett, Secretary to the Microscopical

Society.
Read August 18th, 1841.

The subjects of the present paper, with one exception, were all

found in the lungs of the porpoise. Two of them have been long
known and described by Rudolphi, Klein and others, under the names

of Strongylus inflexus and minor ; a third, from the circumstance of

its being found in company with the inflexus, has, by many observ-

ers, and by Rudolphi particularly, been considered as a younger spe-

cimen of that species ; whilst the fourth appears hitherto either to

have escaped notice, or else to have been confounded with the last.

My examinations of this Entozoon lead me to consider it as a distinct

species ;
and from certain peculiarities presently to be noticed, I have

named it Strongylus invaginatus. The first one which I shall de-

scribe is the Strongylus injlexus, the largest of the four; it occurred

most abundantly in the bronchial tubes, and in such numbers as al-

most to close them up, but many specimens were found in the right

ventricle and auricle of the heart, and in the principal blood-vessels

of the lungs as well.

All the specimens invariably presented their tails towards the la-

rynx, and the males were readily distinguished from the females by
their bodies tapering away gradually and then becoming slightly ex-

panded at the extremity ; the females, on the contrary, were nearly of

equal size throughout, and their tails were provided with two inflected

points or hooks, from which the name inflexus appears to have been

derived, (PI. iv. fig. 1). The average length of the male is about

seven inches, whilst that of the female is nine inches. When alive

both sexes were of a dirty white colour, and the alimentary canal,

which was filled with black matter, was readily discernible through
their transparent muscular tunic. The males were much more slender

than the females ;
the head of each was rather blunt, and provided with

an orbicular mouth, with which the alimentary canal was continuous,

(fig. 17). In some specimens this tube was filled with black matter up
to the mouth, in others it was empty for the first half inch or more.

The intestine in many of them passed in a straight line from the head

to the tail, in others it proceeded in a wavy course, and its contents

were very cohesive, and when examined microscopically were found
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to consist of very minute black granules, mixed with others much lar-

ger and of a fatty nature. The caudal extremity of the male (fig. 2)

was slightly expanded, and terminated in two horn-like processes, one

on either side, with smaller horns or spines projecting from them, (fig.

2, a) ; these and the terminal half inch of the animal were invested with

a thin transparent and flattened membrane, (fig. 2), similar in shape
but much larger than that represented by fig. 12 as belonging to Stron-

gylus minor : some striae were observable on its inner margin, (fig. 2,

b b). When placed in spirit this membrane became opaque. Striae

proceeding in a parallel direction from the sides of the worm to the

median line, at an angle of 45°, were observable on the last half inch

of this extremity of the animal.

In the females, which were not only larger but darker than the

males, the genital apparatus (fig. 3) was readily discernible through
the abdominal parietes. It occupied about the lower two thirds of

the animal, and consisted of two parts precisely alike
; each one com-

menced about the upper third of the body by a pointed process, which

gradually increased in size for the space of an inch, (fig. 3, a) ; this

space may be termed the ovarium : it then became contracted sud-

denly into a small duct, which was about three lines in length, and

corresponds to the oviduct or Fallopian tube (fig. 3, b), which opens
into the last portion or uterus (fig. 3, c), which is upwards of three

inches in length, and presents a series of contractions and dilatations

for the first two inches (fig. 3, d), which gives it a nodulated appear-

ance; for the last inch these nodes disappear, and both uteri ultimately
unite together and terminate in the small hook by a delicate opening,

(fig. M)
:

The alimentary canal is straight throughout its whole length ; it

runs between the two uteri to the largest hook, at the side of which it

opens externally. In all the females examined the ovaria were full of

ova, and they presented these interesting peculiarities. In the upper

part of the ovarium the contents consisted principally of minute cells

or granules, which were larger and more developed towards the ovi-

duct. In the oviduct the granules had almost assumed the form of

ova, in the uterus perfect ova were found; those taken from the upper
part were full of vitelline globules (fig. 4), whilst those examined
lower down

%
in some cases were more opaque in one part than ano-

ther, and going still lower, the granules were observed to be fewer in

number but rather increased in size (fig. 5), and the oval figure in

which they were arranged was disturbed (fig. 6), they had disappeared
and probably had become absorbed at one point (fig. 7). In examining
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pearance of the granules was still more marked, and the form of the

future worm could now be made out, (fig. 8) : when arrived at this

point of development the young in the interior of the ovum could be

traced progressively until they were perfectly formed (fig. 9), and

when slight pressure was made on the lower end of the Entozoon the

young escaped readily at the uterine aperture, and were quite lively

even after the porpoise from which they were taken had been dead a

week. The ova were about -fa of an inch in length and very easily

ruptured, especially those which contained the young perfectly deve-

loped. In every female the transition from the vitelline globules to

the perfect worm was to be seen.

The next species was found in common with the last, being twisted

together in a knot around them, both in the bronchial tubes and blood-

vessels. It has been noticed as the young of Strongylus injlexus, but

on comparing them both together I find that the difference between

the two is so marked as to leave no doubt of their being distinct spe-

cies ; and I have since been much pleased to find that the same view

of the matter was adopted by Kuhn,* who has described it under the

name of Strongylus convolutus.

The females are much larger than the males, and both are much in-

ferior in size to the injlexus, the one being about two inches in length

and the other about an inch and a half. They are of nearly unifonn

diameter throughout, and their black intestinal canal is very visible

through their parietes ;
in some specimens it took a straight, in others

a tortuous course ;
the head was more pointed than in the injlexus,

and the commencement of the oesophagus was marked with striae, (fig.

10). Nothing remarkable was observed in any other part of the body

except the tail, which was slightly flattened, and on one side only
was provided with a membrane which was continuous with a small

semicircular terminal portion, in which were placed three very small

horn-like bodies, arranged in a radiated form ; in the lower part of

the worm two dark curved bodies were placed parallel to each other,

which were probably connected with the genital apparatus, (fig. 11 a).

In the female the genital apparatus was double, as in the last species,

but was quite free from the contractions and dilatations ;
its contents,

like those of the injlexus, exhibited the gradual transition from vitel-

line globules to the perfect worm, but in many specimens the disap-

pearance of the globules commenced in the centre, and so went on

* Memoircs du Museum d'Histoire Naturelle, tome xviii. p. iif)7.
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until a thin margin corresponding to the worm was left. The tail of

this Entozoon is represented in fig. 11.

The third species is the smallest of the whole, and from this cir-

cumstance has been named Strongylus minor, neither the male not-

female much exceeding an inch and a quarter in length. It occurred

in the venous sinuses of the head and in the cavity of the tympanum,
and from living in blood they were of a reddish hue. The females

rather exceeded the males in size, and both sexes tapered gradually
from the head to the tail, which was much more evident in the male

than in the female, in which peculiarity it resembled the male of the

Strongylus injiexus before noticed. Nothing else remarkable was

observed in the male except at the tail (fig. 12), where the membra-

nous investment was thrown into a semicircular fold, and in it three

tolerably large horn-like processes, much larger than those of the con-

volutus (fig. 12,a), were observed : nearly at the end of the body of the

worm there was a dark oval mass, connected either with the genital ap-

paratus or with the intestine, (fig. 1 2, b) . In the female the ovarium com-

menced at the junction of the upper with the middle third of the body.
It consisted of two convoluted ducts, which ultimately united into one

and terminated on the side of the tail. Ova in different stages of de-

velopment were observed in all the females of this species, but they
were much smaller than in any of the others. The tail of the female

is represented at fig. 13.

The fourth species was found in the lungs of the porpoise which I

had for dissection on the 9th of last month. On examining minutely
the surface of the lung, it was found that its pleuritic investment was

raised into little tubercles about the size of a small pea ; and on cut-

ting into one of these five very long and slender white worms were

drawn out, one being much shorter than the rest, this I subsequently
ascertained to be the male. On tearing a portion of the lung, a vast

number of these cysts were found imbedded in its substance, and in

each one there were several worms coiled up in a very small compass,
and the cysts could be readily torn away quite entire from the sur-

rounding tissue with the worms in them. On examining some of these

specimens microscopically, I found that it was a distinct species from

any of the preceding : it approaches nearest to the convolutus, but it

differs from this in many points. The males were few in number, and

about an inch in length, the female being three inches and sometimes

more. Besides this great disparity in size, both sexes were inclosed

in a very thin and delicate membrane, which projected from their

sides, and made them appear more than as wide again as they really
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were, (fig. 14, 15). In the male, around the head, this membrane was

thrown into puckers, as represented in fig. 1 4 ; immediately below

this, on one side, it formed a semicircular fold, and then became pa-
rallel to the body of the worm throughout its whole course, until it

came to the tail, where again it was slightly puckered, (fig. 15). These

folds were more remarkable in the female than in the male, and the

only parts of the worm in immediate contact with this membranous

sheath were the extremities of the head and tail. Near the tail in the

male two curved dark bodies were observed, like those described in the

Strongylus convolutus, and immediately above them the intestine was

slightly enlarged, (fig. 15, a). In the female the ovaria were very long
and full of ova, like those of the other species, but the external open-

ing of the uterus was seen on the side of the body, near the end, and

at this point two small hooks were observed, (fig. 16, b). The intes-

tine proceeded a little farther on than the uterus, and terminated

where the tail came in contact with the sheath. The manifest differ-

ences between this Entozoon and any of the others previously de-

scribed, alone warrant me in making this a distinct species : and the

most striking, and at the same time most constant character, being
the investing membrane or sheath, I have given it the name of inva-

ginatus at the suggestion of my friend Dr. Willis, in consequence of

this peculiarity.* All the authors who have described the genus

Strongylus, call the membranous investment at the tail both of the

male and female, a bursa or sheath for the genital organs ;
some of

them, as Kuhn, describe an intromittent organ ; but in these four spe-

cies I have not seen one protruded, but my friend Mr. Busk has no-

ticed it in a specimen of Strongylus minor.

I cannot conclude this paper without alluding to some curious facts

which present themselves for our consideration. Entozoa, from the

time of their first discovery to the present day, have exhibited more

astonishing and wonderful phenomena than any other tribe of anima-

ted beings ;
and perhaps throughout the whole kingdom of Nature no

class has been so frequently the subject of opposite opinions, and on

the matter of their generation we are now nearly as much in the dark

as ever. We have, nevertheless, in the specimens before us, the start-

ling truth of one and the same species of Entozoon living in directly

opposite media, viz., in blood and in air
;
for it has been stated that

the Strongylus injlexus was found in the bronchial tubes, in the prin-

* By means of a higher power than was used hy me, Mr. Busk has found that the

sheath may even he seen around the minute animal whilst in ovo.
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cipal blood-vessels of the lung, and even in the heart itself; and the

venous sinuses at the base of the brain and the cavity of the tympa-
num were literally clogged with Strongylus minor. Now we cannot

but imagine that any animal so infested must, as a necessary conse-

quence, have both the functions of respiration and circulation greatly

impeded. Three porpoises which I have dissected within the last

two months, have all contained Entozoa, and all these were taken

in the Thames
;
and it is probable that this may be the reason of their

leaving the ocean and running up the rivers at particular seasons of

the year, and it would be curious to ascertain whether those taken at

sea about the same period were so infested. Some light, I trust, may
be thrown on the occurrence of Entozoa in particular parts of an ani-

mal, when we have them, as in this instance, actually living in the

blood. We can now readily imagine how the young, when emitted

from the parent, can be transported to all parts of the body by means

of the circulation, and analogy would lead us to conclude that the

blood of other animals may contain Entozoa, as well as that of the

porpoise. There is another curious circumstance connected with

these Strongyli :
— all the specimens of the four species just described

are nearly constant in their size, we meet with no young ones amongst
them ; these probably are to be found in parts of the body where the

scrutinizing eye of the anatomist has as yet failed in detecting them.

But however, this is mere matter of speculation ;
and I will no longer

detain the Society on a subject which, from time immemorial, has

been to reflecting minds a wonder, how Entozoa "
live, and move,

and have their being."

TRANS. MIC. SOC. VOL. I.
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EXPLANATION OF PLATE IV.

Fig. 1 . The tail of the female of Strongylus inflexus.

a. Outlet of the alimentary canal.

b. Outlet of the oviduct.

Fig. 2. The tail of the male of Str. inflexus.

a. Horn-like processes, with smaller ones projecting from their sides.

b b. Parallel striae on the expanded memhranous investment.

Fig. 3. Female genital apparatus of Str. inflexus.

a. Ovarium.

b. Oviduct.

c. Uterus.

d. Moniliform appearance of the uterus.

Fig. 4. Ovum from the upper part of the uterus full of vitelline glohules.

Fig. 5. Ovum in which the vitelline globules have diminished in number, but those

remaining are much increased in size.

Fig. 6. Ovum showing the disappearance of the globules in one part.

Fig. 7. Ovum exhibiting the same appearance as the last, only more marked.

Fig. 8. Ovum exhibiting the young worm nearly developed.

Fig. 9. Ovum exhibiting the young worm perfectly developed.

Fig. 10. Head of male of Strongylus convolutus.

Fig. 11. Tail of male of Str. convolutus.

a. Two dark curved bodies near the anal outlet.

b. Three very minute horn-like bodies attached to the small semicircular

fold of investing membrane.

Fig. 11a. Head of female of Str. convolutus.

Fig. lib. Tail of female of Str. convolutus.

Fig. 12. Tail of male of Str. minor.

a. Three horn-like bodies attached to the investing membrane.

b. Dark oval body near the termination of the alimentary canal.

Fig. 13. Tail of female of Str. minor.

Fig. 14. Head of male of Str. invaginatus.

Fig. 15. Tail of male of Str. invaginatus.

a. Two dark curved bodies similar to those in fig.
11a.

Fig. 16. Tail of female of Str. invaginatus.

b. Two minute hooks near the vulva.

Fig. 17. Head of male of Str. inflexus.

A represents the average length of the female, Str. invaginatus.

B
C
D
E
F

male, Str. invaginatus.

male, Str. convolutus.

female, Str. convolutus.

male, Str. minor.

female, Str. minor.
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IX.— On the Minute Anatomy of the Larva of Anthomyia canicu-

laris, Meigen. By Arthur Farre, M.D., F.R.S.

Read April 28, 1841.

The subject of the present memoir has come under my notice as a

parasite of the human body, of which, however, it appears to be a

rare inhabitant, as I have met with but a single instance of the kind,

and I believe there are only two or three similar cases on record.

The mere circumstance however of this insect in its larva state

being found in the human intestine, it is not now so much my object

to record, as it is to bring before the Society a brief description of

the minute anatomy of this singular parasite, with a view of showing
the peculiar adaptation of its organs, particularly those of the diges-

tive system, to the circumstances in which it is thus occasionally

placed.

The insect considered as a parasite appears to have its parallel in

the (Estrus or hot of the horse and sheep, and may perhaps be con-

sidered as constituting the bot of the human subject, though it does

not appear to be altogether limited to man, but has been also observed

to occur in the Boa constrictor.*

The case which afforded me the opportunity of making the fol-

lowing observations was that of a rather sickly child, a girl 5 years
of age, who was brought as an out-patient to St. Bartholomew's Hos-

pital, in the month of June, 1837, having the ordinary symptoms of

irritation produced by worms, for which a brisk purgative was pre-

scribed. This had the effect of bringing away a vast quantity of the

parasites, which were stated to be alive at the time they were passed,
and were described by the parent of the child as coming away by
handfuls at a time, and which continued to be passed at intervals

for three weeks, when the case was lost sight of.

A similar case occurred to Dr. Haviland of Cambridge, in the year

1836, in the person of a clergyman 70 years of age, who, after suffer-

ing disagreeable sensations about the epigastrium, which he described

as a tremulous motion, accompanied by loss of appetite and general

weakness, passed in the summer and autumn of the same year very

large quantities of the larvae, and, according to his own statement,

the chamber-vessel was sometimes half full, and he thinks that alto-

* See Lancet, vol. ii. 1839-40, p. 638.

E2
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gether he must have passed several quarts : they were alive, and con-

tinued to be passed for several months. This case is recorded by the

Rev. Leonard Jenyns, in the 'Transactions of the Entomological

Society,' vol. ii. part 3, and is accompanied by a very accurate figure

of the insect. A rather rude drawing of evidently the same insect

also accompanies a paper by Dr. Bateman in the seventh volume of

the '

Edinburgh Medical and Surgical Journal,' p. 48, on the subject

of larvae found in the human body ; while a much older, though more

accurate one, will be found in Swammerdam's * Bibl. Nat.' tab. 38,

figs. 3 & 4. And lastly may be mentioned a case published in the

2nd volume of the * Memoirs of the Medical Society of London,'

which appears to be of a similar kind. These are the only cases

that I find recorded of the occurrence of the larva in the human sub-

ject, but it has also been observed in the Boa constrictor, as appears
from an instance recorded by Mr. Iliff, to which I have just alluded,

and where the larvae were passed along with the masses of urate of

ammonia which constitute the excrement of that animal.

There appears to be little doubt that in all these cases the insect is

the same, and that it is the larva of the Anthomyia canicularis of

Meigen, or Musca canicularis of Linnaeus.

Its minute anatomy does not appear to have been investigated, and

it is this deficiency which I shall attempt to supply from my notes of

the dissection of the specimens obtained from the first case to which

I alluded.*

The larva (PI. v. fig. 1, d) is five lines in length by one and a half

in breadth. It is of a dull brown or blackish brown colour, soft and

flexible, but having a tough integument, which however is sufficiently

transparent to allow of the alimentary canal being seen through it.

The body consists of eleven segments, but the last is apparently
formed of three blended into one, (figs. 2 & 3). Each segment car-

ries a pair of feathery branchial appendages, which project at right

angles from the body, constituting a double row on either side. There

is also a double row of small eminences extending down the dorsal

surface, but the abdominal surface is nearly smooth. The lateral

appendages, (fig. 4), of which the upper series is much larger than

the lower, are pinnate. The central shaft of these, which is long and

pointed, is hollow, and communicates apparently with the tracheae.

The lateral pinnae are again pinnated on their outer margin. The

* For a specimen of this larva consult the Museum of the Royal College of Sur-

geons, London ; Cat. Nat. Hist. Series, pt. iv. No. 609, D.
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integument, (fig. 5), which appears smooth to the naked eye, is found

when examined under the microscope, to be granulated all over with

minute dentiform or pointed processes, which appear to be of a harder

nature than the rest of the tegument, and resemble on a small scale

the spinous prominences in the tegument of certain cartilaginous

fishes, as the sturgeon ;
and it appears to be only an extraordinary

development of these latter processes which constitutes the long fea-

thery lateral appendages already described.

The mouth of this larva is perhaps the most interesting part of its

anatomy. The head (fig! 6) is furnished with two broad fleshy lips,

(a a) which together constitute a broad disk, having in its centre a

minute aperture {b) leading to the oesophagus, and flanked on either

side by the hook-shaped mandibles, the sharp points of wrhich are

directed downwards and somewhat outwards, {c c) and are nearly re-

tracted each within a separate sheath, the aperture in the extremity

of which just allows their points to protrude. Each of these broad

fleshy lips is crossed by transverse parallel plaits or folds of mem-

brane, about twenty-five in number, which in their free margin exhibit

a delicately notched appearance, and in fact in every particular re-

semble a similar structure which is seen on a larger scale in the

sucking disk situated upon the dorsum of the head of the Remora.

by w
rhich that fish is enabled to attach itself firmly to various objects.

In the present instance, however, the structure, though precisely simi-

lar, is exceedingly delicate, and so minute as to be invisible to the

naked eye, though there can be no doubt that it is intended to answer

the same purpose in both. For by the aid of this sucker the larva is

enabled to fix the head, so as the more readily to insert its sharp

hook-shaped mandibles into the soft mucous membrane of the intes-

tine which it inhabits, and draw therefrom its nutrient juices, which

wrould thus readily flow into the little aperture of the mouth, situated

in the centre between the mandibles, assisted also by the partial va-

cuum which would thus be produced during the act of adhesion.

The mandibles are sunk so deep between the two fleshy lips, having

only the points projecting from the aperture of their investing sheaths,

that it is necessary to disconnect them entirely from the soft parts be-

fore they can be accurately examined. They are placed parallel to

each other, with their hooked points directed downwards, so as the

more readily to be inserted. The mandibular apparatus (fig. 7, a, and

fig. 8) on each side consists of three portions. The first portion is

hooked and sharp pointed, (fig. 8, a) and is only the -^ of an inch in

length. It is nevertheless furnished at its base with a delicately
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shaped ball, adapted accurately to a socket in the second joint, and

has projecting from either side of its base a sharp spine or trochanter,

for the insertion of the tendons of the abductor and adductor mus-

cles by which its movements are effected. The second joint (fig. 8,

b) bears the socket to which the ball of the first is adapted, and at its

opposite extremity is united to the third and principal portion of the

jaws, (fig. 8 c), which consists of a broad expanded corneous plate,

of less density than the preceding, and resembling in form and office

a similar structure well known as occupying the centre of the large

claw of the lobster, being for the attachment of the muscles by which

the mandibular hooks are moved to and fro. The whole mandibular

apparatus measures about the ^ of an inch in length, and, being very

firm and solid, presents a remarkable contrast in texture to the sur-

rounding soft parts w
rith which it is connected, and from which it is

easily detached.

If the body of the insect be laid open the alimentary canal is seen

to be of considerable length, and much convoluted, (figs. 9 & 10).

It commences by an exceedingly delicate hair-like oesophagus, (fig. 7,

b), so narrow that it would appear to be specially destined to transmit

fluid nourishment, and nothing else. This terminates about the third

segment of the body in a minute globular cavity or proventriculus,

(fig. 7, 6-), which is of the same diameter as the rest of the alimentary

canal, and immediately below which four very short salivary vessels

enter, (fig. 7, d d d d). From this point commences the large intesti-

niform stomach, (fig. 10, a a), which after contracting in its first third

to the finest thread, (fig. 10, 5), again dilates and proceeds of uniform

diameter to the point where the four slender biliary vessels enter, (fig.

10, c), wrhere it again contracts and forms a short intestine. The

whole alimentary canal is about six times the length of the body,
and of this length the stomach forms about five-sixths. Its greatest

diameter does not exceed one-third of a line, and its least is that of a

mere thread. The whole structure appears to be that of an animal

adapted to live on fluid nourishment.

The principal external openings to the tracheae appear to be two

apertures situated on the dorsum of the last segment of the body,

and which constitute the last pair of the series of dorsal eminences

formerly noticed. These apertures correspond with the very remark-

able and conspicuous pair of organs occupying a similar situation in

the last segment of the oestrus of the sheep, and which are also the

external openings of the respiratory apparatus in that insect.

None of the insects were alive when they came into my possession,
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and they were placed in spirit of wine for the purpose of preserving

them previously to their being dissected. Several days after my at-

tention had thus been directed to the subject, I happened to observe

at the bottom of a jug of New-River water a small living object, which

appeared very much to resemble the larvae which I had recently been

examining ;
and upon placing this under the microscope I found the

resemblance to be complete, except that the animal was only about

two-thirds the size of the former. It was deficient also in the pinnae

upon the lateral spines, which were simple, but the mandibular appa-
ratus was perfectly formed. On making further search two other in-

dividuals of the same species were found in different stages of growth ;

the smallest, however, not exceeding one-third of a line in length,

though still possessing some of the characters of the larger ones.

One of these specimens was very lively, moving freely at the bottom

of the water, and frequently protruding and retracting its proboscis,

by which it dragged itself along.

This fact is a matter of some interest, as furnishing a clew to the

source of these parasites, since it is evident that the larvae can pass

along the water-pipes which supply the metropolis, and may thus be

swallowed in the water used for food : and in the present case the

larvae, or the ova, must have traversed a distance of at least a mile.

At the same time it is evident that this cannot always afford an expla-
nation of their mode of entrance into the body, because in the case

of the clergyman at Cambridge it is expressly stated that " he never

drank water unmixed, but generally beer, tea," and the like ; at the

same time the water used for these beverages was entirely supplied
from a pond on a stiff clay. If therefore the ova found entrance

with the fluid aliments, they must have withstood the action of heat,

as in making the beer, tea, &c. ; while on the other hand it is difficult

to suppose that they passed in with the solid food, because the larvae

are evidently aquatic. Perhaps the most inexplicable part of the

case is, the fact of their occurrence in such immense numbers. In

the Cambridge case several quarts were passed in a few months, and

in the instance which I have just recorded they were described as

coming away by handfuls. It is extremely difficult to account for

this fact, because a number of larvae, or their ova, must have been

swallowed equal to those which were evacuated, since they could not

multiply by generation in the alimentary canal, they being in the

larva state, and having, as the dissection showed, and as is well known
in the case of larvae, the generative organs undeveloped ; indeed no

trace of generative organs was visible : while it is difficult to suppose
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that the parent animal could have been accidentally swallowed, and

its ova, previously impregnated, have become developed in the bow-

els ; though this is perhaps the least objectionable supposition. At

any rate the parent animal could not live in the alimentary canal,

since the larva has been recognised by several entomologists as being

that of a well-known fly, (the Anthomyia canicularis). The latter

supposition however which I have advanced, namely, that the fly,

having its eggs previously impregnated, may have been swallowed,

and thus, perishing in the digestive canal, have left the ova unencum-

bered, and in a possible situation for development, derives some coun-

tenance from the circumstance of the extreme rarity of the occujrrence

of these larva? as parasites, there being, as I have mentioned, very

few cases on record ; which would give to the circumstance the air of

an accidental occurrence, of which however it is again immediately
robbed when we contemplate the singular and very obvious adapta-

tion of its organization to the peculiar circumstances in which it is

thus placed. The anatomy being clearly that of an animal destined,

or at least adapted, to live by adhesion and suction on fluid nourish-

ment, though it is clear from the fact of some being found nearly two-

thirds grown in simple river water, that the larva is also capable of

life and growth in other elements than the contents of the alimentary

canal, and in other capacities apparently than that of a parasite.

Much, it appears, may be advanced on either side, and indeed the

whole subject appears to me to be calculated to afford interesting

points for discussion ; and it is chiefly with this view that I have

brought it before the notice of the Society.
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EXPLANATION OF PLATE V.

Fig. 1. a, b, c, d. Larvae of natural size, in different stages. The three first from

the New-River water ; the fourth from the intestine.

Figs. 2 & 3. The same amplified five diameters ;
2 dorsal, 3 ventral aspect.

Fig. 4. One of the upper series of branchial appendages.

Fig. 5. Portion of tegument of the back.

Fig. 6. Head. a a. Two plaited lobes forming the suctorious disk. b. Mouth.

c c. Points of the mandibles just exserted from their sheaths. The

remaining portion of mandibles seen indistinctly through the semitrans-

parent flesh.

Fig. 7. Mandibular apparatus and upper portion of alimentary canal, a. Mandibles.

b. CEsophagus. c. Proventriculus. d d. Salivary tubes. e. Com-

mencement of stomach.

Fig. 8. Two views of the mandibles, a. First portion, sharp pointed at its extre-

mity, and showing two trochanters at its base for insertion of adductor and

abductor muscles, and bearing a ball adapted to socket in b, the second

joint, c. Third portion for origin of muscles.

Fig. 9. Larva (natural size) opened to show alimentary canal.

Fig. 10. Ditto, a a. Intestiniform stomach, b. Contracted portion, c. Point where

biliary vessels enter.
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X. Observations on the Structure of Bats' Hair. By John Quekett,

Secretary to the Microscopical Society.

Read October 20, 1841.

Of the endless variety of beautiful objects disclosed to us by means

of the microscope, the hairs of different animals are not amongst

the least interesting, and of these none excel in beauty of structure

those of the bat tribe. It is to some peculiarities observable in the

structure of the hair of these curious animals that I would direct

the attention of the Society for a short time this evening. In order

to make the subject more intelligible to those who may not be familiar

with the formation and growth of hair, these few explanatory remarks

may not perhaps be out of place.
"
Hair," says Mr. Hunter,

"
is of

two kinds respecting its growth. One is that wrhich grows continually,

or has the power of growing continually if not allowed to grow to its

whole extent, or when allowed to grow to its full extent, although it

then becomes stationary, yet is capable of growing when cut. The

second kind grows until it arrives at its full extent, and then cut or

not cut it must be shed, and, like feathers, must be replaced by ano-

ther growth. Most animals have both sorts, but man I believe has

only the first. The tail and mane of the horse are of the first kind,

whilst the hair which covers the body is of the second."*

It is to hair of the second class that my observations will be prin-

cipally directed. According to physiologists hair is developed in

highly vascular sacs or follicles, situated in the cutis or true skin, and

each hair commences at the bottom of the follicle by a swelling,

termed the root or bulb : this is softer than the rest of the hair, and

is hollow, and contains within it the pulp of the hair, which is pro-

bably a vascular prolongation of the bottom of the follicle
;
and each

hair is formed by the successive aggregation of cytoblasts or new

cells, and is gradually protruded from the follicle, both by the growth

and elongation of its constituent cytoblasts and by the addition of

new layers of these to its base, the apex and shaft of the hair being

formed before the bulb, just as the crown of a tooth is before its fang.

The cytoblasts are round and loose at the base of the hair, but are

more compressed and elongated in the shaft ; and by this rectilinear

arrangement the hair assumes a fibrous character.

* Huntcrian Manuscript Catalogue.
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Having stated thus much on the growth of hair, I shall proceed at

once to the examination of that of the bat tribe : of sixteen species

of these animals, the hairs of which I have examined, all were analo-

gous in structure to one or other of the forms represented in Plate 7,

figs. 7, 8, 9, 10, &c. They are characterized by the shaft presenting at

intervals peculiar raised markings, which are arranged sometimes trans-

versely, at others obliquely, to the axis of the hair ; in some specimens

they project a considerable distance from the general surface, and

the true shaft of the hair appears between them at certain intervals.

Having on more than one occasion failed in pulling the hairs out of

the skin with my fingers, in order to obtain some a knife was used,

and the hair held firmly between its edge and the thumb : on exami-

nation of these hairs afterwards it was found that they were altered in

character, the markings on them, which were so peculiar, being de-

stroyed in some parts and left undisturbed in others
; they appeared as

if something had been taken away from them in certain points. This

led me to expect that the curious surfaces which these hairs present

might be owing to a development of scales on their exterior, and re-

peated examination has convinced me of the truth of this supposition.

I have since found that by submitting hair to a scraping process,

minute scale-like bodies, tolerably constant as far as regards their

size and figure, can be procured, so that bat's hair may be said to

consist of a shaft invested with scales, which are developed to a

greater or less degree, and vary in the mode of their arrangement in

the different species of the animal. The surface of that part of

the hair nearest the bulb is nearly free from any trace of scale, (fig. 7, a)

but as we proceed towards the apex the scaly character becomes

more evident. In many hairs the scales lie in a direction at right an-

gles with the shaft, and one scale forms a complete band around the

shaft ( fig. 6
) ;

in others they run with varying degrees of obliquity,

giving a true spiral character to the hair ( fig. 9
) ; whilst in many

others scales may be seen in all stages of development (fig. 10).

The larger kind of hairs, such as are procured from the various spe-

cies of vampire, are generally of a dark yellow colour, and are com-

paratively smooth externally, but exhibit a cellular structure internally.

The scales may be readily procured for examination by scraping the

hair, whilst still adherent to the skin, with a knife, in a direction from

the apex towards the bulb ; or, when separate, by laying them on the

glass on which they are to be mounted, keeping them steady either

with the finger or another piece of glass, and passing a knife along

them. A more simple plan still may be had recourse to, which is
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merely to lay the hair on a slip of glass, then, having breathed upon
it, press another glass upon it three or four times in succession,

which will cause the scales to be detached in small quantities, and

become adherent to the glass. In all cases, if possible, the hair

should have been first washed with ether, which will remove much
of the greasy matter with which most hairs abound.

Many of the scales are not unlike in shape those from the

wings of butterflies, but are much more minute, and exhibit no

trace of striae on their surfaces (fig. 11) ;
but those taken from dark-

coloured hairs have the colouring matter deposited upon them in

small patches (fig. 12). In some cases they appear to terminate in

a pointed process, like the quill observed in butterflies' scales
;
and

in others the free margin is serrated (fig. 13). By scraping many
of them will be detached separately, but in some few cases as many
as four or five will be found joined together (fig. 14) : in the larger

hairs the cellular structure of the interior, as well as the fibrous

character of the shaft, can be well seen when the scales have been

removed (fig. 15). The difference (in appearance) of the hair near

the bulb where it is smooth, and towards the apex where it is scaly,

besides proving that the scales must grow after the shaft has appeared
above the cuticle, points out the analogy between this part of a hair

and the quill of a feather ; and it would follow that the addition of

new matter at the base alone would not account for the after growth
of the scales : it would seem more probable that the view of the sub-

ject entertained by Dr. Mandl and Mr. Busk* was the more correct,

viz.—that the hair has a vitality of its own, independently as it were of

the bulb,
—in fact, a kind of circulation

;
and by this means the scales

on its surface grow, and continue to grow after the hair has appeared
above the cuticle. If there were not this deficiency of scales at the

base of the hair, the shaft being tightly embraced by the neck of the

follicle, the scales from their position would certainly be an obstacle

to the easy passage of the hair above the skin. It would be an inte-

resting subject for examination to take the hair of a very young ani-

mal, and measure the distance of the scales from one another, and

their length, and to notice as the animal grew whether there was any
increase in their size, and whether they became more distant from

each other : as far as my observations have gone they lead me to be-

lieve that the smaller the hair is in diameter the more closely packed
are the scales

;
and it would account at once for some appearances

*
Microscopic Journal, vol. i. p. 2'>.
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which many hairs present, viz. such as are represented in figs. 16 & 17,

if it were found that the shaft of the hair grew faster than the scales

which surround it, and that the whorls of scales were separated from

each other just as the slides are in the drawing out of a telescope.

Since these observations were made I have been kindly favoured by
Mr. Powell with some hair of a bat from India, the species of which

is at present unknown, in which the view I have entertained of the

nature of bats' hair is beautifully borne out, and if any doubt had

previously existed of the scaly character, I think that it would at

once be banished when these hairs were seen under the microscope.

The scales are most remarkably developed, and in some of the hairs

they surround the shaft in a continuous whorl ;
and without any prepa-

ration by scraping, in many places they will be found to be entirely

wanting ( fig. 18 ), whilst in others they are still attached to the

shaft, but out of their proper position (fig. 18, a).

Physiologists have been long agreed that hair and feathers are

constituted upon one uniform plan, but as yet there have been many
links wanting to complete the chain of evidence upon which this

analogy is maintained. The hair of the animals in question will

certainly supply the links to a certain extent, and as the zoologist

would tell us that they resemble quadrupeds principally in their

mode of reproduction, and birds in their mode of progression, so

the microscopic observer now can say that they resemble both in

the structure of their hair.
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EXPLANATION OF PAKT OF PLATE VII.

Fig. 7. A bat's hair, showing the absence of the scales at the root.

Fig. 8. Portion of another hair, in which the scales are placed nearly at right an-

gles with the shaft.

Fig. 9. Another specimen, in which the scales are placed obliquely.

Fig. 10. A specimen in which the scales are smaller, and only extend round a por-

tion of the circumference.

Fig. 11. Scales removed from a bat's hair, of a light colour.

Fig. 12. Scales from a dark hair, exhibiting the pigment.

Fig. 13. Scales removed from the hair of the Indian bat, which are beautifully ser-

rated at their upper margins.

a. Outside view of the scale.

b. Inside view.

Fig. 14. A number of scales closely connected together.

Fig. 15. Hair of a species of Vampire, in which the scales are very evident at the

upper part ;
at the lower they have been scraped off, and the cellular in-

terior of the hair is exhibited.

Fig. 16. A small hair of the Indian bat, showing the pointed extremity, and the

close manner in which the scales are arranged.

Fig. 17. A hair of the same bat, exhibiting the whorls of scales more distant from

each other, and the smallness of the shaft between them.

Fig. 18. A similar specimen, from which the scales have been removed in certain parts.

a. A scale lying detached from the hair.
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XT.— On three species of Sponge containing some new Forms of

Organization. By James Scott Bowerbank, F.G.S., &c.

Read November 24, 1841,

In the course of the last session of the Microscopical Society, I

had the honor of reading a paper descriptive of the occurrence of

siliceous spicula in the keratose sponges of commerce, in which they

had not before been supposed to exist. I also described, in the same

paper, the existence of a vascular system surrounding the fibres of

certain sponges of the same class, and other peculiarities of struc-

ture, which I trust will have an influence in determining the true po-
sition which these singular creatures occupy in the animal kingdom,
and in some measure assist future observers in dividing them into

such natural groups as may render them easily recognized by the stu-

dent. Hitherto the modes of arrangement resorted to by naturalists

have been anything but satisfactory, from the distinctive characters

being taken, almost entirely, from their external form, and the aspect

and condition of their skeletons in the dry state. Such a mode of

proceeding is evidently insufficient for the attainment of a correct

knowledge of species, and among these animals especially, whose

anatomical details require the application of the highest microscopi-
cal powers that even at this period are at our command, before we can

attain a correct and satisfactory idea of their minute and complicated
structures. The classification and mutual relation of the species of

the higher orders of animals, have long been determined by the pecu-
liarities and coincidence of their anatomical structure ; and until the

same principles are systematically extended to the obscure and diffi-

cult tribe of the Spongiadae, I am convinced it will be in vain to ex-

pect such a classification of these protean forms as will admit of

their being recognized and studied by naturalists with the same degree
of facility that obtains in other branches of Natural History. It is

with the hope therefore of contributing something towards the attain-

ment of this desirable end, that I again introduce the Spongiadae to

the Society, for the purpose of describing some peculiarities in the

structure of three species that have escaped the observation of pre-
vious writers on these subjects.

The first of these is a native of our own seas, and has not I believe

been hitherto described by any author. In the present state of ar-

rangement of the British sponges, as published by Dr. Fleming in
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his
'

History of British Animals,
1

it must be referred to the genus

Halickondria, and I have given it the specific name of Johnstonia,

in honor of Dr. Johnston of Berwick-on-Tweed, whose '

History ot

British Zoophytes
'

is so well and so favorably known to the public,

and who has a '

History of British Sponges
'

nearly ready for publi-

cation.

Plate VI. fig. 1.

Halickondria* Johnstonia.—Sessile, massive, surface undulating.

Terminations of the excurrent canals disposed on the most elevated

parts of the surface, depressed, sometimes bounded by a slightly ele-

vated marginal ring. Incurrent canals inconspicuous. Colour of

the crust slate-grey, of the interior substance yellow. Spicula of the

skeleton mostly simple and slightly curved, rarely attenuating towards

their ends, but usually of equal diameter throughout their whole

length, having hemispherical terminations
; sometimes, but rarely, tri-

radiate or multi-radiate. Spicula of the flesh minute, stellate ; rays

attenuating regularly to their apices. Spicula of the crust minute,

simple and fusiform, having their surfaces irregularly tuberculated,

and their terminations very obtuse.

This sponge is found attached to the Thatcher and other rocks, in

the neighbourhood of Torquay, about low water-mark. The parts of

the crust which are most exposed are of a dark grey colour, sometimes

almost approaching to black
;
while the marginal portion near the

base is frequently of a light grey, and occasionally almost white.

The crust varies from about a quarter to half a line in thickness.

The interior substance is of a dull yellow colour, firm in texture, and

very much resembling the crumb of bread in appearance. It is tra-

versed by numerous large excurrent canals, of about the tenth of an

inch in diameter, which pass in a tortuous direction from the base of

the sponge to the most elevated parts of its surface, where they ter-

* Since this paper was read at the Microscopical Society, I have consulted with

my friend Dr. Johnston of Berwick-on-Tweed, upon the propriety of making this

species the type of a new genus ;
and from the well-marked difference in structure

that exists hetween it and and the most characteristic species of Halivhondria ,
it has

heen thought advisable that it should be separated from the latter. I have therefore

named it Pachymatisma, from 7ra%yj, densus, and J/xaTitr/xoj, vestitus, and tbe follow-

ing are the characters adopted :
—

Spongia carnosa, Crustacea, nee cellulosa nee vi resiliendi praedita, cute crassaJaBvi

osculis sparsis perforatis obsita ; spiculis siliceis ct aciculiformis et stellatis sparsis et

gemmulis siliceis ubique commixtis referta.
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initiate in depressed areas, which are sometimes surrounded by slightly

elevated marginal rings. These ventral orifices are frequently dis-

posed in parallel lines, which occupy the summits of the ridges that

intervene between the depressed parts of its surface.

The great variety that exists in the form of the spicula of this spe-

cies is very remarkable. The most common is a simple slightly

curved cylindrical spiculum, of equal diameter throughout its whole

length, with hemispherical terminations, as represented at fig. 6, a.

Occasionally, but not very frequently, there is a single spiculum to

be seen, in which there is a gradual attenuation towards one end, but

in all the cases that I have observed of this description it does not

terminate acutely, but as in the normal form, hemispherically. Among
the common forms there are frequently to be observed large tri-radiate

and irregularly branched spicula, which have the radii usually termi-

nating in a simple point, but they are sometimes bi-furcated, as repre-

sented at fig. 5, a. The remaining figures of this group (figs. 3 & 4)

represent some of the varieties of these forms which were drawn by
the camera lucida, with a power of 100 linear. The central cavities

are distinctly visible in all these spicula, (fig. 8) and in the compound
ones there is a free communication between all their parts. In some of

the spicula the cavity is much larger than in others, and it may be

observed with great advantage if a small piece of the sponge is burned

to a white ash in the flame of a lamp, and then mounted in Canada

balsam. The transparent membrane lining the interior of the spicula

is converted by this means into an opaque carbonaceous film, which

becomes distinctly visible to the observer. If the fleshy substance of

the sponge be examined by transmitted light, with a power of 500

linear, another description of this organ presents itself, which is also

very remarkable, in the form of minute stellate spicula, the rays vary-

ing in number from three to ten or twelve, passing off from a common
centre in every direction. The radii are gradually attenuated from

their bases towards their points, and terminate acutely. Four of these

spicula, which were sketched from the camera lucida with a power of

450 linear, are represented at fig. 2. These singular spicula abound

in every part of the yellow fleshy matter of the sponge, in which they
are disposed without any definite arrangement.

If a thin slice be taken from the outer surface of the crust of the

sponge, and examined as a transparent object with a power of about

300 linear, short fusiform spicula with very abrupt terminations will

be observed. They are thickly dispersed throughout the whole of the

encrusted surface, but without any apparent order of disposition.
—
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Upon submitting them to examination with a power of 900 linear,

their surfaces were observed to be irregularly tuberculated, as at fig.

7, where three of them are seen attached to a fragment of one of the

larger spicula of the skeleton, after having been separated by incine-

ration from the animal matter that surrounded them. These little

spicula, from their great abundance in the encrusted surface of the

sponge, are justly entitled to be distinguished as the spicula of the

crust. They are found occasionally, but comparatively rarely, along

with the stellate spicula of the fleshy substance, and they occur also

thinly dispersed beneath the surface of the great excurrent canals.

I did not succeed in detecting any organization in the epidermal
membrane of the crust, probably in consequence of its being obscured

by the great abundance of minute spicula immediately beneath its

surface ; but in the membrane lining the excurrent canals, there were

numerous minute vessels or fibres, disposed in parallel lines, in one

part of the tissue, while at another spot they assumed the form of an

irregular reticulation. These vessels or fibres are exceedingly mi-

nute, and it is requisite that they should be observed with a power of

at least 800 linear, and then it is only in the clearest and most trans-

parent parts of the membrane that they are likely to be seen.

The gemmules of this sponge are dispersed, in great abundance,

throughout every part of its substance. They are of an oval form,

their longest diameter being the ^4-r and their shortest the ^T of an

inch. They vary considerably in size, but the above are their aver-

age dimensions. When seen by direct light, with a power of 100 li-

near, they appear of the same colour as the surrounding fleshy matter;

but when viewed as transparent objects, they assume an iron or slate

grey colour and are nearly opaque, having their surfaces closely stud-

ded with minute papillae, which are produced by the projection of the

points of numerous small spicula, which are enclosed in the crust or

shell of the gemmule, and are disposed in lines radiating from the

centre to the circumference of its body. The forms of these minute

spicula are exceedingly various, but the best developed ones appear

conical, having their bases towards the centre of the gemmule, and

their apices slightly elevating the parts of the outer integument im-

mediately above them.

The mode of disposition of these spicula is best observed when a

small portion of the sponge has either been treated with boiling nitric

acid or by incineration in the flame of a lamp. The dissolution of the

gemmules is not effected by either of these agents ;
and to view them

with the greatest effect they should be gently triturated with a little
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water between two pieces of glass, until some of them are broken into

small pieces. In these fragments the spicula may be seen in situ,

arranged in the manner I have before described, and cemented toge-

ther by siliceous matter, which appears to abound in the outer inte-

gument of the gemmule. Upon measuring some of these minute spi-

cula in situ, I found their average length to be 1 /7
-g of an inch, or

about equivalent to the diameter of a disk of human blood ;
and their

average diameter i S \rc of an inch : so that they are of exceeding mi-

nuteness as compared with those found in the other parts of the same

animal. The rays of the stellate spicula (fig. 2) average 1
T of an

inch in length by r5
T

6 in diameter, and those of the skeleton have a

diameter of about -r^Vs of an inch.

My friend Mr. C. G. White, of Poplar, to whom I gave a fragment

of this sponge, observed a circumstance attending the structure of the

ovoid bodies that had previously escaped my observation. Upon ex-

amining some of them which had been deprived of their fleshy inte-

guments, with a very high power, he found that they were frequently

furnished with a small pore or funnel-shaped orifice, situated about

midway between the two smaller extremities. The discovery of this

pore is an interesting circumstance, as it is a strong additional proof
of their gemmular nature. Link and Raspail, in treating of Spongilla

friabilis, describe a small yellow spot as existing on the outer tunic

of the gemmular bodies of the sponge ;
and M. Gervais, in his obser-

vations on that species, describes the same organ and the manner in

which the sponge is propagated by the escape of granular bodies

through an orifice which exists at this spot.

In the encrusted surface of this sponge I also observed numerous

round siliceous molecules, which were dispersed amid the spicula of

that part in abundance. The diameters of these, in many cases, were

equal to that of the surrounding spicula, but the greater number did

not exceed the half or a third of that size.

The curious stellate spicula of the flesh are probably among the

earliest indications of the production of true bone in the higher class

of animals, in which we find it formed, in the plates of the skull and

other lamellated bones, from distinct centres of ossification; the origin

of each being a few stellate fibres or spicules, which are continually

produced from their centres outwards until they approach each other,

and, coalescing, form one uniform bony surface. In the crustaceous

and fleshy surfaces of some tunicated molluscs, we find an abundance

of minute stellate spicula of carbonate of lime ; and on the surfaces of

the bones of some cartilaginous fishes, we find a thin filmy stratum of

F2
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bony structure, which is composed of numerous minute centres of os-

sification, touching each other at their extreme points, and leaving

numerous small spaces unoccupied by the bony structure, so that the

whole surface assumes a beautifully checquered appearance when ex-

amined as a transparent object with a power of about 100 linear.

The sponges which I have now to describe are exceedingly anoma

lous in their structure, especially the first of the two, which I receiv

ed, with many others, from my friend Rupert Kirk, Esq., of Sydney,
Australia ; who procured it from the coast at Wollongong, about forty

miles from Sydney. Hitherto we have found that where silex has

been the material with which the skeleton of the sponge tribe has been

strengthened and supported, that earth has always been presented to

us as a true animal secretion, either in the shape of spicula of various

forms, or of very minute spherical molecules ; but in these species,

although in great abundance, it is decidedly of extraneous origin,

consisting of numerous grains of sand built into the substance of the

fibrous skeleton of the animal, without any definite arrangement : the

whole being surrounded externally by a coating of the cartilaginous

or horny matter of which the foundation of the skeleton is construct-

ed, and with which we are so familiar in the sponges of commerce.

We are acquainted with many instances in which extraneous substan-

ces are employed externally to assist as a covering or defence ; as

among the Mollusca, by Trochus agglutinans, which attaches to the

external surface of the shell the small shells and fragments of bivalves

or any other substance that suits its purpose. We observe also among
the aquatic larvae, that the cases in which they pass so great a por-

tion of their existence, are, in many species, most ingeniously and

beautifully built up of fragments of small stems of plants, bits of shells

and other materials ; and in Sabella Belgica, so common on our own

coasts, the animal resides in an elongated conical tube, which is con-

structed, in the most symmetrical and beautiful manner, of grains of

sand cemented together by a strong cartilaginous or horny matter ;

but in no instance that I am aware of have we found the animal ske-

leton formed from extraneous materials, as in this curious and new

form of sponge.

Duseideia,* Johnston, MSS.

(Plate vi. fig. 9).

D. Kirkii. Sessile, massive, somewhat compressed. Skeleton

* The following are the characters established by my friend Dr. Johnston for this
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coarsely fibrous and coralloid in appearance, having numerous grains

of sand separately imbedded in its substance, the whole being enve-

loped by the homy matter of the fibre. Spicula rare, short, slightly

curved, terminating somewhat obtusely.

The base of this specimen has been destroyed by the action it has

apparently undergone among the shingle ;
but its position is well

marked by the concentration of its fibres at the point at which, from

its form and other circumstances, we might expect it to have been

placed, and there is no indication whatever of its ever having been

pedunculated. The form is somewhat fan-shaped or compressed, one

side being regular and nearly flat, while the other has a protuberant
mass upon its surface. The fibres of the skeleton are coarse and ri-

gid, assuming the direction of aberrant lines, radiating from the base

of the animal, and anastomosing with each other in every direction by
means of small lateral branches

;
thus forming a coarse and rigid but

somewhat regular reticulated skeleton. The large fibres frequently
attain the size of half a line in diameter. If we place a few of these

fibres in Canada balsam between two slips of glass, and examine them

by transmitted light with a lens of about half an inch focus, we shall

readily perceive numerous grains of sand imbedded in the substance ;

and if the examination be continued with a microscopical power of

about 200 linear, it will be seen that the grains are not imbedded in

the fibre from pressure through the external surface, but that they oc-

cupy its very centre, and are externally enveloped by a thick coating
of the cartilaginous substance of the animal, (fig. 10). In this condi-

tion they do not occupy the interior of a central cavity, but are regu-

larly built together, with a slight space intervening between each

grain, which is filled with dense cartilaginous matter, thus firmly ce-

menting the whole into a compact body, while at the same time each

grain of sand may be said to occupy its own cell. The mode in which

this curious building process appears to be achieved is this. After

the cartilaginous matter has entirely enveloped the grain of sand at

the extremity of a projecting fibre, there is an accumulation of its

genus :
—

Spongia multiformis sessilis crasse cellulosa mucagine sabulo arenata sea-

tens, sice friabilis, fibris imperfectis seposita : spiculis sparsis paucis forma et magni-
tudine incertis.

In the Synopsis Spongiarum et Lithophytorum, at the end of the •

History of

British Sponges and Lithophytes,' the author has altered the name from Duseideia to

Dysidea.
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substance which at once offers an adhesive surface to which the next

grain that may happen to come in contact with it becomes attached ;

this is gradually enveloped by the cartilaginous substance, and the

same process is repeated until, grain by grain, the whole of the fibre

is constructed. Sometimes it happens that after the envelopment
of the last, no other grain comes in contact with the termination of

the fibre for some time, in this case the cartilaginous substance is

projected in the form of a dense yellow thread, the point of which

attaches itself, like a sucker, to the surface of the first grain of sand

with which it comes in contact, and in this manner numerous single

grains may be seen, each supported, as it were, upon a pedestal. In

some of these cases the point of attachment scarcely exceeds in dia-

meter that of the pedestal, while in others the grain has a third, a half

or two thirds of its surface enveloped by the spreading tissue. In

some of the most slender fibres there is but a single row of grains,

while in others of large diameter they are aggregated so closely and

in such numbers as to comprise four or five in a single line of diame-

ter. At the spaces intervening between the grains the animal matter

is sufficiently dense to render it at all times exceedingly obvious, but

it is frequently so thinly spread over the surface of the sand as to ren-

der it difficult to distinguish between it and the siliceous matter be-

neath, without rendering it opaque by charring it between glasses over

the flame of a lamp ; but in this state, and immersed in Canada bal-

sam, the thinnest pellicle covering the grains becomes visible when
viewed with a power of about 200 linear.

The grains of sand are usually arranged in the fibre of the sponge
in as close and regular a manner as they are in the case of Sabella

Belgica, but with this difference ;
in the latter the cementing medium

is a beautiful cellular tissue, which spreads only so far over the outer

surface of each grain as to securely fix it in its place, and in this state

appears like a thin regularly reticulated membrane ;
while in the

sponge the cementing medium is the cartilaginous substance of the

sponge, and which, however thin it may be, covers the entire surface

of the grains of sand.

Spicula are of rare occurrence in this sponge. Occasionally two or

three are seen grouped together, but usually solitary spicula occur at

a considerable distance from each other, imbedded in the exterior

coating of cartilaginous matter. They are comparatively short and

thick in proportion to their length, and decrease very slightly from the

middle to near the points, which are terminated acutely but somewhat

abruptly.



DUSEIDEIA FRAGILIS, Johnston.

Spongia fragilis, Montague.

(Plate vi. fig. 11).

Duseideiafragilis. Form massive, variable, sessile. Surface exas-

perated, of a dull ochreous yellow colour. Excurrent canals few,

large. Fibre of the skeleton rigid, coarsely reticulated, rugose, with

numerous grains of sand imbedded in their substance, or tubular, with

few or no grains imbedded in their structure.

Spicula of the skeleton variable in size and form, imbedded within

or attached to the outer surface of the fibre.

This species is the Spongiafragilis of Montague, who has described

and figured it in his paper on British sponges, published in the first

volume of the * Memoirs of the Wernerian Society.' The specific de-

scription of that author is as follows.— "
Spongia fragilis. Fragile,

friable, coarsely reticulated ;
the fibres rugose, as if covered with mi-

nute sand." The figure, although coarsely executed, is characteristic,

and is evidently that of the skeleton only ; and from the subsequent

portions of the description it would appear that the author had seen

no other specimen than the one he describes.

The specimen represented by figure 11, I found attached to the

Thatcher rock, near Torquay ;
and it was undoubtedly alive when I

removed it from the rock. I have since procured numerous speci-

mens from among the sea-weeds cast up on the beach at Brighton,
the greater portion merely skeletons, but others were in various stages

of decomposition, and some few in a sufficiently fresh and perfect

state to allow of their being proved to be the same species as the

Torquay specimen. Under these circumstances I have thought it ad-

visable to add to and somewhat modify the original description of

Montague, but I have adhered to it as closely as possible. Thus

Montague has described it as fragile, while, in the majority of cases,

the fibre is comparatively strong and rigid, from the great quantity of

sand imbedded within it. He has also described it as friable, but as

this character applies only to the skeleton in the dry state, it is better

omitted as unnatural. The form of this species is exceedingly varia-

ble. In its young state, as represented in figure 11, it is spread over

the surface to which it is attached, as if it were a coating sponge ;
but

when fully developed it rises to the height of two or three inches, and

has a tendency to assume a thickened fan-shaped or compressed form ;

and the base is usually twice or thrice as long as it is broad, as if this

were the natural mode of its development.
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It is of a dull ochreous yellow colour, and has the surface much

asperated by the projection of numerous stout sandy fibres. The ex-

current canals are large and few in number, and have their termina-

tions occasionally projected beyond the surface. The fibre of this

species varies considerably in its character. The larger and coarser

portion is constructed of grains of sand of various sizes, encysted se-

parately in the substance of the horny structure, as described in the

preceding part of this paper in treating of the structure of Duseideia

Kirkii. Among the arenaceous fibres there are others of a fistulose

structure, which have few or none of the grains of sand imbedded in

them. In the largest of the arenaceous fibres the grains of sand are

accumulated in such numbers, and so closely built together, as fre-

quently to render the fibre nearly impervious to light, as represented
at figure 12

j but in the smaller ones, as seen in fig. 13, they are few

in number, and disposed in nearly the centre of the fibre. A few spi-

cula are occasionally found imbedded among the grains of sand or at-

tached to the surface of the fibre, as represented at figures 12 and 13.

The tubular fibres are smaller than the arenaceous ones, but originate

from them and freely anastomose with them. The fistulose cavity is

large, continuous, and contains an abundance of spicula of a variety

of sizes and forms. In the smallest of these fibres the spicula are

usually lying in a longitudinal direction
;
but in the larger ones they

are disposed without any apparent order, and assume every possible

direction. Sometimes the small tubular fibres suddenly expand to

twice or thrice their original diameter, and again contract to their for-

mer size, the cavity expanding in proportion, and containing a great

accumulation of spicula ;
at other times the tube becomes attenuated,

and terminates by attaching itself to a grain of sand, of eight or ten

times its own diameter, around which it spreads its horny structure

until the grain is entirely enveloped by it, and firmly supported as it

were upon a pedestal. These isolated grains are probably but the

first stones in the foundation of the future large arenaceous fibres. Oc-

casionally we find a few small grains of sand imbedded in or attached

to the external surface of the fistulose fibres, and then the spicula are

fewer in number in their immediate neighbourhood, but usually they
are without grains of sand. These fibres also appear to be destined

to perform another important office in the economy of the animal ; for

in many of the Brighton specimens of this sponge I observed ova or

gemmules, of various sizes, imbedded in the parietes of the tubes ;

some of them projecting from the inner surfaces towards the centre of

the fistulose cavity, but the greater number were projected from the
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outer surface of the fibre in all degrees short of absolute separation.

When viewed as transparent objects with a power of 300 linear, these

gemmular bodies appear to have a large opaque nucleus, of a some-

what granulated character, which fills the whole of its interior, and is

surrounded by a thin horny-looking shell or coat. The spicula are

exceedingly variable in size and form
; the greater portion of them

are slightly curved and attenuated towards each end, terminating in

some acutely and in others somewhat obtusely, (PI. vii. fig. 1) ;
others

have their bases elliptical or globular, as in figures 2 and 3
; occasion-

ally, though much more rarely, we observe them furnished with nu-

merous spines or tubercles, as represented by fig. 4
;
and still more

rarely they are multiradiate and of great comparative size, as repre-

sented at fig. 5. Two other spicula of an exceedingly curious form

were also observed ; the shaft of the spiculum being curved and the

terminations recurved, to such an extent as to form a large hook at

each extremity, as represented at fig. 6. I could not detect any pe-
culiar form of spiculum in the fleshy substance which fills the inter-

stices of the skeleton ;
but I observed imbedded in its substance one

or two detached spicula of the form represented by fig. 1. This

fleshy matter is of a firm consistency, and has dispersed throughout its

substance numerous round or oval bodies, varying from
$ V& to the

, T

g of an inch in diameter, containing usually one, but sometimes

two nuclei. These bodies are nearly uniform in their colour and ge-

neral aspect, and present every appearance of being the cytoblasts

whence the cellular substance of the animal is derived.

The results arising from the peculiarities in the structure of the

sponges which I have just described, are calculated in some measure to

modify the present arrangement of the Spongiadae, as published by Dr.

Fleming in his
'

History of British Animals.' The occurrence of triradi-

ate and multiradiate siliceous spicula in the species first described, and

these forms having also been found in the Australian keratose sponge
which 1 published in a short paper in the ' Annals and Magazine of

Natural History,' vol vii., will render these compound forms of spicula

of comparatively little value as generic characters applied to either the

siliceous or to the calcareous sponges ; but their occurrence may per-

haps hereafter form useful specific characters. The other two singu-
lar and striking forms, the stellate and the fusiform spicula represented

by figs. 2 & 7 (PI. vi.), are each characteristic of a particular part of the

animal ; the first belonging to the fleshy substance, while the second

is indicative of the epidermis and its inflexions through the numerous

canals. In another British species of sponge which I have recentlv
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examined, I found stellate spicula imbedded sparingly in the intersti-

tial fleshy matter of the animal, which were strikingly different from

those in the corresponding structure of Halichondria Johnstonia ;

and in the same sponge I found a very minute variety of stellate spi-

cula in the skin or crust, in place of the fusiform ones observed in the

crust of H. Johnstonia. The peculiar and characteristic forms of

these organs, which appear, within certain limits, to be constant to

their separate types, not only in each species, but in each separate

part of the same species, strongly indicate the necessity of searching

for our specific characters in the minute anatomical characters of the

animal, rather than in the vague and changeable characters afforded

by external form and general aspect ; and I have but little doubt that

when we have sufficiently matured our knowledge of their anatomical

structure, many species, and especially that now under consideration,

will be removed from their present situations, and become the types

of new and well-defined genera.

The extraordinary structure exhibited in the arenaceous fibres of

the skeleton of the two sponges last described, will probably lead to

the establishment of an entirely new division in the order
;
and a se-

cond new division will most probably be hereafter founded on the

structure of the new and very curious sponge Dictyochalix pumiceus,

described by Mr. Stutchbury of the Bristol Institution, at the last

meeting of the Zoological Society. In this sponge the whole of the

fibrous skeleton is composed of silex, so transparent, that it has the

appearance of being formed of spun glass. These, I repeat, will pro-

bably be some of the results arising out of the present and similar in-

vestigations of the numerous members of the sponge tribe ; but at the

present period our knowledge of the curious and beautiful tissues that

are already known, and those that will, without doubt, be hereafter

found to exist, is comparatively so slender as to render it expedient to

refrain from systematizing, until we attain a more complete knowledge
of the details of their anatomy.
Of these organs the spicula especially require a careful re-exami-

nation and classification. Dr. Grant, in his laborious and valuable

papers on " The Structure and Functions of the Sponge," in vol. xiv.

of the '

Edinburgh Philosophical Journal,' and in vols. i. and ii. of the

new series of the same work, has minutely and accurately described a

considerable number of forms that occur in British species ;
but how-

ever numerous the forms may appear that he has there described and

figured, they are in reality but few compared with the number that yet

remain unfigurcd and undescribcd.
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Other authors have written on these subjects since the publication

of Dr. Grant's papers, but none in so lucid and so effectual a manner:

and unfortunately one of the most celebrated of these has done much

more to retard than to advance our knowledge of these subjects. I

allude to Raspail, who, in his papers on Spongillafriabilis, published

in "the
' Memoires de la Societe d'Histoire Naturelle,' 1828, labours

very hard to prove Dr. Grant in error, in having described the spicula

of Spongilla, and some other sponges treated of in his papers in the
1

Edinburgh Philosophical Journal,' as cylindrical bodies ; and endea-

vours to prove them to be vegetable crystals or raphides, and of a

hexagonal form : and figures them as such in Plate xxii. figs. 5 and 6

of the Memoires, as seen without immersion in water, while at fig. 4 a

spiculum immersed in water is represented, which presents precisely

the natural appearance, and agrees exactly with the description of Dr.

Grant. The singular perversion of Raspail's ideas on this subject,

can only be accounted for on the supposition that he did not take in-

to account the great amount of spherical aberration that inevitably

ensues when the rays of light pass through transparent cylindrical bo-

dies of high refractive powers. From the great celebrity of Raspail
as an observer and a writer, it becomes the more necessary that these

errors should be noted : and it is but justice to Dr. Grant to state

that I have followed him to a considerable extent in his observations

on Spongillafriabilis and many other species of which he has treated,

and I can bear testimony to the truth, accuracy, and acuteness of

observation displayed in his laborious and valuable contributions to

science.
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EXPLANATION OF PLATE VI.

Fig. 1 . Pachymatisina Johnstonia.

Fig. 2. Stellate spicula, occurring in the fleshy substance of Pachymatistna Johnstonia.

Figs. 3 & 4. Two varieties of spicula of Pachymatistna Johnstonia.

Fig. 5. Tri-radiate spiculum of Pachymatistna Johnstonia.

a. Bifurcation of one of the radii.

Fig. 6. A portion of a large cylindrical spiculum of Pachymatisma Johnstonia.

a. Hemispherical termination.

Fig. 7. Minute tuberculated spicula attached to a fragment of a large cylindrical

spiculum.

Fig. 8. Central canal of the spiculum.

Fig. 9. Duseideia KirkiL

Fig. 10. Portion of a fibre of Duseideia Kirkii, exhibiting grains of sand imbedded

in its substance.

Fig 1 1 . Duseideia fragilis, (Johnston).

Fig. 12. Fibre of Duseideia fragilis, rendered opaque by the number of grains of

sand imbedded in its substance.

Fig. 13. A smaller fibre of the same species of sponge, showing tlie grains of sand

to be fewer in number, and disposed nearly in the centre of the fibre.

EXPLANATION OF PART OF PLATE VII.

Fig. 1. Commonest form of spiculum of Duseideia Kirkii.

Fig. 2. Spiculum of Duseideia Kirkii, with oval base.

Fig. 3. Spiculum of Duseideia Kirkii, with globular base.

Fig. 4. Tuberculated spiculum of Duseideia Kirkii.

Fig. 5. Large multi-radiate spiculum of Duseideia Kirkii.

Fig. 6. Curved spicula of Duseideia Kirkii.
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XII.—On Fossil Xanthidia. By Henry Hopley White, Esq.

Read February 16, 1842.

I have, for some time past, directed my observations to that inte-

resting portion of fossil Infusoria called Xanthidia, and which, in the

recent state, forms a genus of the tenth family of the class of Polygas-

trica, called Bacillaria. In this genus the animalcule is unattached,

and free from any pedicle or stalk
; having a globular form, generally

spherical, but in some of the species occasionally of an irregular oval.

All the species of this genus have the lorica or external covering se-

mi-transparent, and invested with tentacula, varying in form, number

and dimensions : from these tentacula, each of the different species

may, with little difficulty, be discovered. The arrangement which

I am about to submit to the Society, of the different species of this

interesting group of fossil Infusoria, is the result of much careful

examination of some thousands of specimens, in flint collected from

various chalk districts of England, and in some gravel flints.

The name Xanthidium* is derived from the Greek word HAN0O2,
yellow, the prevailing hue of these minutissimal forms of animal exis-

tence.

All the other Xanthidia I have met with (comprising many thou-

sands of individuals) can be distinctly, and, as I think, satisfactorily,

arranged under eleven species. There are individuals occasionally

* When the above paper was read before the Society, I comprehended under the

genus Xanthidium a species which I called globosum, and placed it as the first species.

I so named it because it had merely a globular form, without any tentacula or spines

that I could discover. I think it is quite distinct from the fossil genus Volvox, which

is rarely to be met with, and which is, I believe, furnished with an aperture, and trans-

parent, having the appearance of a spherical sac or skin, none of which characteristics

belong to the animalcule I called Xanthidium globosum, that being nearly opaque,
but slightly semi-transparent towards the verge of its circumference, and without any

apparent aperture. It is generally found among the various species of Xanthidia, and

like them orbicular in form, and of a yellowish colour; and is the only other fossil ani-

malcule which I can discover, besides the eleven species enumerated and described in

the above paper, which has a well-defined spherical lorica or covering: it varies in di-

mensions from the ^ to the J, of an inch. Upon further consideration, and in con-

formity with the suggestions of the Council, I have rejected this animalcule as forming
a species of the genus Xanthidium, because it is without any tentacula or spines, and,

therefore, not coming within the genus Xanthidium as defined by Ehrenberg. It is

figured as 12 in the plate, and may be called Globosum, forming a genus of animal-

cules distinct from Xanthidium.
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found to deviate, in some measure, from those which I now submit to

the Society ; but their deviation of form is to be attributed to acci-

dental circumstances, to imperfect or distorted structure. Each of

these deviations from the type of the species under one or other of

which I have been able to class them, being, so far as regards the de-

viation of form, sui generis, differing from all others of the distorted

individuals ; so that I have never been able to discover among them

all such a general character of form or resemblance as would warrant

the classification of them to a separate species.

The classification hitherto recorded I consider very imperfect.
—

Professor Ehrenberg does not, I believe, include more than five or six

species, and assigns to a distinct species some which 1 deem distort-

ed varieties. The want of a nomenclature to characterize those which

in my continued observations were so constantly recurring, induced

me, for my own convenience (and without the most remote intention of

offering the result to this Society) to adopt the arrangement of the spe-

cies under the number and nomenclature I now proceed to suggest.

The eleven species I have arranged in order, as they gradually

become more complex in the structure of their tentacula. I am of

opinion that all these Xanthidia cannot properly be considered as

varieties of one species, varying only in form, according to the diffe-

rent stages of development in their progress towards maturity or

decay. The species are clearly distinct, as well in their general cha-

racter, as in the details of their external structure
;
so that mere pro-

gress towards maturity or decay will not account for their distinctive

peculiarities. Although, it is true, among the individuals of each spe-

cies, 1 have observed more or less completeness in their specific de-

velopments ; and, as before intimated, these I have deemed merely
varieties from the perfect type of their respective species. With these

preliminary observations I shall now enumerate and describe the ele-

ven species of fossil Xanthidia, giving my reasons, as I proceed, for

the nomenclature adopted.

First, Xanthidium vestitum: which I so name from the thin transpa-

rent membrane which extends beyond the body to the extremity of the

tentacula, and by which the animalcule appears to be surrounded. It is

rarely seen to encompass the animalcule as perfectly as that delineated

in the accompanying drawing, the membrane being more or less broken

around the outer circumference. This description is of the appear-
ance as a superficies or disk, rather than of a solid spherical body,
which it really is

;
and I cannot help thinking that this appearance

results from a gelatinous substance in which the animalcule was.
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enveloped; and that the deviations from a perfectly spherical form

indicate different stages of the condition of the animalcule. I am

strengthened in this conjecture by several specimens in my collection,

in which part of the animalcule is quite free from the surrounding

mass, and the tentacula, which are almost always those of the species

ramosum (presently to be noticed), denuded of the substance with

which the other parts continue to be incumbered. Sometimes the

membrane seems to adhere to two or three tentacula separately, and

at other times to one only. This latter appearance suggests an

enquiry, whether the species we call crassipes, or thick-legged, is not

one of the vestita in progress towards a partial or entire separation
from its gelatinous accompaniment ;

but I shall presently give my
reason for thinking it is not. Whether this substance surrounds any
of the other species I cannot say ; possibly it may, but those which I

have seen exclusively exhibit the tentacula which characterize Xanth.
ramosum. Its diameter measures from -^^ to ^|^ of an inch.

The second species I call XanthidiumJtmbriatum, or fringed, from
the short processes or stunted tentacula which densely surround the

body. I have not attempted to count the number
; indeed, I believe

it scai*cely practicable, in many instances, to count those round the

outer circumference, and therefore impossible in this, and in the other

species, to arrive at more than an approximation to the number of

tentacula which cover the whole surface of the bodies of these globu-
lar animalcules ;

so that I have not attempted to make the number of

the tentacula a specific characteristic. It might be suggested that

these fringed processes are no more than the earlier indications of

those tentacula, which, in the more matured growth of the animalcule,
assume a much more lengthened appearance ;

and may be the same,
in an early stage, as the hirsutum orfurcatum afterwards mentioned.

But whether this be the fact I cannot say, as I have not found any in

such an intermediate state towards maturity as would support the

conjecture. Xanthidiumjimbriatum measures in diameter from -j^
to -j-^y of an inch.

The third I call Xanthidium hirsutum, the name which has been

given to it by former observers, and, among others, by that accurate

observer, the Rev. J. B. Reade. It is so called from the hairy or fur-

red appearance which the numerous thin tentacula assume, being in

tufts, less uniform and regular in their arrangement than the next I

shall notice. It is not so perfectly spherical as most of the other spe-
cies

;
indeed the uneven tufted or matted appearance of the tentacula,

like hair or fur, completely obscures the contour of the body on which
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they are placed. It varies much in its dimensions, differing from Tl a
to

-j-fj-
of an inch in diameter.

The fourth in order is Xanthidium furcatum, or forked Xan-
thidium ; a name previously applied to one species by those who have

preceded me. It differs from X hirsutum or the hairy Xanthidium
in the circumstance that the tentacula are far less numerous, more

separated, more regularly arranged, and divergent from the common
centre of the animalcule. The tentacula are slender, and gradually

tapering to the extremity ; and those apparent around the circumfer-

ence are from thirty to forty in number, or even more : what may be

the average number on the whole surface of the body, can be only

roughly computed ; perhaps from two to three hundred. The aver-

age diameter is from -j-^ to -j-^ of an inch.

The fifth is Xanthidium spinosum, which I so name from the

singularly long tapering tentacula which characterize this species.

The individuals vary in dimensions, but, upon the whole, measuring
in diameter from the extremities of the tentacula, they are the largest

of the species of Xanthidia, except the species tubiferum afterwards

noticed. The tentacula apparent round the circumference are from

fifteen to twenty-five, and they measure in diameter from the -j-^ to

5-fry of an inch.

The sixth I have named Xanthidium malleoferum, or hammer-

bearing, from the Latin words malleus, a hammer, and fero, to bear.

I characterize this (as all the other species) by the form of the tenta-

cula, as the only feature by which I can, with any certainty, distin-

guish one species from another. The tentacula of this species are for

the most part terminated by a small process or arm, placed nearly at

right angles, at the extremity of each tentaculum, which nearly bi-

sects the little arm, and which thus forms the head of the hammer, in

two equal parts; thus, or thus, ^j which

latter is a variety of this species, the two cross aims not forming a

straight line at right angles with the tentaculum, but diverging from

its extremity at a very obtuse angle.

The apparent tentacula vary in number from fifteen to fifty, and in

length, some being very short, and thickly set round the circumfer-

ence, others longer and more scanty, and approximating to one variety

of X. ramomm next noticed, having but two instead of three points or

processes at the end of the tentacula. The general form of the body
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also varies, sometimes being spherical, at others irregularly elliptical.

This species I find frequently broken on one side. The average size,

measuring, as in the other species, the diameter from the extremes of

the opposite tentacula, is from ^^ to -j-^ of an inch. The most per-
fect I have seen is in the possession of Dr. Mantell, by whose son, Mr.

Reginald Mantell, it was found in chalk flint. I had previously
named this species, having long before discovered many, though less

perfect.

The seventh is Xanthidium ramosum, or branched Xanthidium :

it is the most common of all the eleven species. There are several

varieties ;
the tentacula round the apparent circumference varying in

number from fifteen to thirty : the average number is about twenty.
The characteristic of this species is the branching ter-

mination of the tentacula ; the terminations to each ten-

taculum are generally three in number, diverging from

the end (as in the figure), not unlike a bird's foot, only

longer in proportion and more tapering ; but sometimes

they are of a more complex structure, each of the three arms or termi-

nations branching out again at their extremities (thus)

into further processes, resembling the more compli-

cated form of another species, which I shall presently

notice as the tenth.

Their average diameter (measured as before) is

from the -^ to ?§>* of an inch. The individuals of this species are

frequently found in contact, in pairs, and sometimes as many as three

appear to be attached. I possess one which is very remarkable, and

the only one among some hundreds which I have discovered. The

body is transparent, and within it are three red globules most clearly

apparent, of an irregular oval or oblate form, composed as it would

seem of a cluster of minute molecules : whether these are ova or

clusters of embryo Xanthidia, I cannot determine ; their appearance

would favour the opinion that they are, if this be the mode by which

they are propagated ;
T have figured this in the accompanying plate,

No. 13.

The eighth species is Xanthidium crassipes, or the thick-legged,

the name which has been given to it by those observers who have

preceded me : and here I would remark, that whenever I could, I have

adhered to the nomenclature adopted in a paper furnished by the Rev.

J. B. Reade to Taylor's
' Annals of Natural Histoiy,

' and I believe

well known to those who are interested about this remarkable group
of fossil Infusoria. The dimensions of X. crassipes are of the average

TRANS. MIC. SOC. VOL. I. G
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diameters of X. ramosum, but the tentaenia are very irregular in form

and number : generally about eleven are apparent, varying in thick-

ness and in arrangement ; and not in these particulars reducible to

to any established order : out of these eleven tentacula apparent roimd

the circumference, three or four, sometimes even five, are very thick,

the remaining six or seven are more or less slender, and generally ta-

pering to a point ;
some are longer than others. The outer margins

of the thick tentacula are very irregular in form, generally indented or

waved ; and this thickness would seem to be formed by a membrane

spread over and connecting two or three of the smaller tentacula;

which smaller tentacula, so far as my observations extend, are not

branched like X. ramosum, but simple like X. furcatum. In refer-

ence to this remarkable species, I beg to advert to the suggestion

before noticed, that X. crassipes might be deemed a variety of X. ves-

titum ; and in opposition to which I would remark that the tentacula

of the two are perfectly distinct, X. vestitum having those of X. ra-

mosum, while those of X. crassipes are simple, like the tentacula of

X.furcatum. The average diameter of X. crassipes is from ,4^ to

•y-fiy
of an inch ;

I have, however, one very much larger.

The ninth is the first of the three last species which I call Xanthi-

dia tubifera, two out of which have been previously so named by
other observers. All three species resemble each other in the cir-

cumstance that the tentacula have distinctly the appearance of tubes,

being more transparent, and, with the exception of X. crassipes, much
thicker than those of the other species of Xanthidia ; it therefore be-

came necessary to give them an additional designation, to mark the

specific distinction of these three Tubifera from each other.

The first of these three Tubifera or tube-bearing Xanthidia, I call

Xanthidium tubiferum simplex ; or, leaving out the generic name,

Tubiferum simplex ; because the tubiform tentacula have a simple

termination, that being of a plain circular orifice, slightly curving out-

wards, like the end of a trumpet or hautboy, perhaps not unlike the

mouth of a leech when fixed, and in the act of drawing blood. This

I have found by far the most rare species, having discovered only two

or three during my researches, among thousands of the remaining

species. They have, as nearly as I can count, about fifteen tentacula

apparent, and they measure about
-j-J-jy

of an inch in diameter.

These Tubifera, from their peculiar structure and substantial ap-

pearance, more than any of the other species, clearly prove that the

animalcule is spherical, and armed, in all parts of the body, with ten-

tacula.
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The tenth species of the genus Xanthidium, and the second ot the

Tubifera, is Tubiferum complex ; which differs from the last in this,

that the tubiform tentacula have branching terminations

or processes, but which are not uniform in their struc-

ture. Sometimes the orifice is separated into unequal
divisions of four, five, or six parts, thus (see figure) ; in

others like one variety of X. ramosum before noticed, the branching

terminations being of a more complex structure, thus ;

each branch having at its extremes a further ramifica-

tion, and which last, I am strongly inclined to consi-

der not a variety of the species, but the same as the

former in a more advanced state of development. I have arrived at

this conclusion after repeated observation and comparison of many
individuals of X. Tubiferum complex in my collection : and I think I

can clearly trace among them the gradual progress of the tentacula,

from the first separation of their orifices until they assume that form

which I deem the perfect type of the species. The following deline-

ations, sketched from the tentacula of two or three individuals in my
collection, illustrate my observation ; from these instances I further

conclude that the terminations of the tentacula, in the same indivi-

dual, do not uniformly progress towards perfect form, but that some

of the tentacula attain to perfect development before others. The
first of these forms I consider the perfect characteristic of the species.

The tentacula apparent are from fifteen to eighteen ;
the average dia-

meter is from -j-^y to -j-^-s- of an inch. This is the most common of all

the Tubifera, but all the Tubifera are rare compared with the other

eight species.

The eleventh and last species of the genus Xanthidium, and the

third of the Tubifera, I have named Tubiferum recurvatum or pal-

maforme, the curved or palm-formed Tubiferum
;

it differs from the

two preceding in having the tentacula decorated at their terminations

with a cluster of smaller curved processes, diverging from the orifice

of each tentaculum, and inclining back in the form of a cluster of

palm-leaves, from four to six in number. Next to Tubiferum simplex
this is the most rare of all the species : the average of their diameter,
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measuring as before from the ends of the opposite tentacula, is from

TTs to ytw of an inch.

I may here observe that the recent Xanthidia, discovered alive in

w ater which was sent by Professor Bailey to Mr. E. Quekett, from a

pool or lake at West Point, near New York, in America, and a few

drops of which were given to me by Dr. Mantell and the Rev. Charles

Pritchard, of Clapham, resembled closely the fossil species of the Tu-

bifera in the tubiform character of the tentacula ; but in reference to

the terminations of those tentacula (being trifid) they most resembled

one variety of the species ramosum. The apparent tentacula of the

recent Xanthidia were from nine to fourteen in number, measuring in

extreme diameter ^^ of an inch. I had the gratification of seeing

one of these recent specimens move its tentacula, and I preserved it

in its collapsed state. I have another recent Xanthidium from the

same source, which, to an inexperienced observer, could scarcely be

distinguished from one in the fossil state.

The discovery of these recent specimens proves, beyond all doubt,

that these various fossil species are animal and not vegetable substan-

ces ; and judging merely from the appearance of these fossil species,

we might conclude that they were living at the moment when, by some

wonderful agency, they and the surrounding fluid in which they were

living became converted into one solid mass of silex, assuming their

present form of nodules of flint. I have, perhaps, unphilosophically
said at the moment when, by some wonderful agency, these floating

animalcules and the circumambient fluid which sustained them, be-

came converted into one solid mass of silex ;
for I believe the forma-

tion of these chalk flints is considered among the learned in Geology
a problem by no means of easy solution. That flint may be held in

solution, in considerable quantity, in some fluids, I believe is certain ;

but by what process, by what agency, during the Cretaceous period,
the flint nodules, extending in long parallel layers or veins in chalk

cliffs or otherwise, assumed their present form, I must leave to those

who, from their scientific acquirements, are more competent to form

an opinion on the subject. Whether, by a sudden transformation, the

surrounding fluid which contained these minute and delicately organ-
ized modifications of animal existence we have been describing, was,
with its numerous inhabitants, converted into its present condition of

flint; or whether, by the gradual deposit of minute particles of silex,

held in solution by the fluid which contained these minute animal-

cules, the continuous aggregation became nodules of flint, as we now
find thcin, in various chalk districts in England ;

or whether, by some
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other wondrous and inscrutable agency, a process altogether different

from either of those supposed, these mausoleums of countless myriads
of once living beings (now fossil Infusoria) were produced ;

— I feel

myself incompetent to surmise, having but little acquaintance with

those sciences which bear upon this subject of acknowledged difficul-

ty. But certain it is that mere appearances would seem to justify the

first hypothesis of sudden transformation, however it may militate

against the more favoured opinions of geologists, versed also in the

science of chemical agency. It cannot fail to arrest attention, that

delicate as is the structure of these minutissimal creatures, there is

not, in by far the greatest proportion of them, any appearance of dis-

tortion, pressure, or injury of any kind
; they seem to have been sud-

denly arrested in the full enjoyment of life, developing (so far as form

and perfect structure can evidence the fact) every indication of anima-

tion exhibited by the recent species, up to the very moment of their

transformation from the living to the fossil animalcule. I offer these

observations with diffidence, not as opinions formed, but as queries

from one who, though deeply interested in the pursuit and advance-

ment of science generally, has no pretension to any attainments in

those sciences in particular, which more immediately relate to the

subject of these last observations. They are made with a view to eli-

cit information, and to lead to further research. Upon the present

subject Dr. Mantell's remarks better harmonize with the more gene-

rally received opinions on the formation of flint in chalk. " This ar-

rangement," he observes " has probably arisen from the chalk and

flint having been held in suspension or solution in the same fluid, and

precipitated into the bottom of the ocean, when consolidation took

place, the siliceous molecules separated from the cretaceous, on the

well-known principle of chemical affinity, the sponges and other Zo-

ophytes acting as nuclei or centres, around which the siliceous matter

coagulated."
*

But whatever be the mode or the agency by which the changes
were effected in those conditions of the earth's surface, which cha-

racterize the Cretaceous period, we have, in these flints, records of

animal existence, as convincing and irrefragable as in those more gi-

gantic memorials of the earth's inhabitants in former epochs of its

dark history, whether in the form of the Icthyosauri, the Iguanodon,
or the fossil remains of beings of still more remote antiquity. We
have, in every section of a flint nodule, proofs that in the former

* ' Wonders of Geology,' vol. i. 294, Ed. 1840.
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periods of the surface of our planet, the lines of the poet were then,

in part at least, as applicable as now, when he says
—

" See through this air, this ocean and this earth,

All matter quick and bursting into birth."

Neither will the cloud of impenetrable mystery which hangs over

the earlier changes of the earth's surface, prevent the accurate obser-

ver of the countless reliquiae of its former wonders from admiring the

same indications of infinite wisdom and power, which still captivate

the devout philosopher in his investigation of those teeming myriads

of living animalcules, now existing in almost every modification of

matter, which clothes its present surface with beauty, fertility and

abundance.

Clapham, Surrey,

February 16, 1842.

EXPLANATION OF PLATE VIII.

Fig. 1.
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XIII. — On a New Species of Fossil Xanthidium.

By H. H. White, Esq.

Head December 21, 1842.

In the paper which I had the pleasure of presenting to the Society

in February, 1842, upon the fossil Xanthidia, I described and figur-

ed, as the result of my observations, eleven species, exclusively of a

fossil animalcule abounding in flints, which I called globosum. Since

that time I have discovered another species, clearly distinguishable

from the eleven, and of which I beg to offer to the Society the follow-

ing description, accompanied with a drawing.* I class it as one of those

species called Tubifera ; but it differs from the three species of Tu-

bifera described in my former paper, in the following particulars :
—

that the tentacula are longer, and instead of possessing any process at

their extremities, they gradually taper to the finest point ;
the tenta-

cula apparent are from eleven to twelve, quite straight, and free from

any appendage whatever. This species measures about the -^^ of

an inch in diameter, including the extreme points of the opposite ten-

tacula. It is distinguishable from the Xanthidium spinosum, which

it in some measure resembles ; the tentacula of the latter are also ta-

pering to a fine point, but they are waving, irregular, much more nu-

merous, and without the tubiform appearance of the new species. I

think it is not advisable to alter the nomenclature already before the

public ;
and although the species now under consideration might be

deemed the most simple in form of all the Tubifera, I would not sug-

gest a transfer of the name Tubiferum simplex from No. 10, in the

species described in my former paper, to the new species, but prefer

giving the latter the new name of Tubiferum spiculatum, forming the

twelfth species of the fossil Xanthidia.

* Plate xx. fig. 4.

ii
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\l V. — Observations on the Young of a Species of Ixodesfrom
Brazil. By George Busk, Esq.

Read April 27, 1842.

At the last meeting of the Society, I presented some small living

Acari which I had received from Rio Janeiro. They came inclosed

in a letter, and had been sixty or seventy days on their passage, but

were then, and still are living. They were sent to me as specimens
of an insect called by the Brazilians, the Carapato, and which was

stated to be the cause of great mortality among the cattle in those

countries, and very troublesome to travellers, by the great irritation

and annoyance they produce. Since then I have been enabled, by
the kindness of a gentleman who was long resident in Brazil, and

who had suffered much by loss of cattle caused by this troublesome

insect, to collect additional information about it. I submitted que-

ries, to which he has furnished the following replies.

1. The name of carapato or carapat is given to the insect, in con-

sequence of its resemblance to the seed of the Ricinus, which has

that name in Portuguese.

2. It is common in all parts of South America where cattle abound.

3. It infests cattle, horses, dogs and sheep.

4 It is not found on plants ;
and cattle generally become infested

with it when feeding in open and exposed pastures, where the sun's

heat is great ; and it increases most in dry seasons.

It is generally supposed that the insect was not seen in the Brazils

previously to an excessively hot and dry summer, about 1824 or 25,

since which it has multiplied amazingly. It is remarkable that cattle

feeding in shady pastures and coppices, are frequently quite free from

the carapato, but will acquire it by infection from others.

5. The mode in which it appears to cause destruction to the ani-

mal infested by it, is by the incessant irritation which prevents the

animal feeding or resting, and in consequence it becomes worn out.

6. They first appear on those parts of the skin uncovered by hair,

and are then not larger than a pin's head, and make the part quite

black by their numbers. They adhere so closely, that scraping them

off would tear up the skin. In a short time they increase to the size

of a bean, or common tick, as seen in dogs, and fix themselves pro-

miscuously on all parts of the hide, where covered with hair.
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7. The same species appears to insinuate itself, in its incipient

state, upon the human body, but is not known to assume the tick form

there. They adhere most tenaciously to the skin, and are believed

to introduce themselves below it. They are very harassing, and even

create soreness and inflammation. They generally affect persons
who have been passing through woods, but are not known to be ever

seen or found on trees or plants.

8. Many thousand head of cattle are annually carried off by the

carapatoes, and frequently a scarcity is thus caused.

This is all the information I have been able to collect on the sub-

ject, and I am not aware that any other account is given by travellers

in South America.

From the above particulars it would appear that the little acaroid

insect now before the Society is only the young of a much larger spe-
cies of tick. What this species may be is perhaps not to be deter-

mined in the absence of full-grown specimens; but from the structure

of its oral apparatus, it is plainly to be referred to the genus Ixodes

of Latreille ; with respect to which it is stated by Cuvier, that "
they

are found in thick woods, abounding in brush-wood, briars, &c, at-

taching themselves to low plants by the two fore legs, extending the

other feet. They fasten upon dogs, cows, horses and other quadru-

peds, and even upon the tortoise, burying their suckers so completely
in their flesh, that they can hardly be detached by force, and by tear-

ing away the portion of skin to which they are fastened. They depo-
sit a prodigious number of eggs. Their multiplication upon the ox

and horse is sometimes so great, that these animals perish from ex-

haustion. The tarsi are terminated by two ungues, inserted upon a

plate, or are united at the base upon a common peduncle," &c.

In these particulars, it will be observed how closely the above de-

scription coincides with the statement I have above given on the sub-

ject of these observations. But no mention is made of any difference

between the immature and the full-grown insect
;
and consequently,

perhaps the present account may not be unimportant to those who are

engaged in the study of the still confused but highly interesting para-

sitic Acaroidei.

Figs. 1 and 2 (Plate ix.) represent the dorsal and abdominal as-

pects of the insect, which, in its present state, has only six legs, in

which it agrees with the group Microptheria of Latreille, which thus

differ from other Acaroidei. In this respect, however, it is not pecu-

liar, some species of Hydrachna, in the young state, also possessing
but six legs.

h2



90

The body is rounded. The posterior or abdominal portion, con-

sisting of a membranous sac marked with delicate lines, and allowing

the ccecal sacs of the intestine to be seen through it: fig. 1. The

anal orifice is about the middle of the abdomen inferiorly : fig. 2.

The anterior part of the body, on the back, is covered with a horny

shield, which partially covers the oral apparatus or head, and presents

a contraction opposite the junction of this apparatus with the trunk:

fig. 1. The oral apparatus or head consists of two lateral palpi with

the maxillae to which they are attached, of a sternal labium and two

mandibles.

The palpi (c, fig. 1, 2, a, fig. 5, 6) are thick and hollow, and beset

with long hairs or spines, and have inferiorly at their extremities a

papillary process set round with long spines, which is apparently re-

tractile, as seen in fig. 8, or extended in fig. 7. These organs are not

perforated. The maxillae are seen at c, fig. 6. The mandibles {b,b,

fig. 7) consist of a delicate, transparent, scaly sheath, surrounding a

tubular apparatus which contains the organs by which the tick obtains

its nutriment. These organs are more fully represented in fig. 9, and

consist of two blades, one for cutting and one resembling a saw, be-

sides a hook, and a small tube with a projecting lip a little below its

extremity, and evidently for the purpose of suction. This smaller

tube (a, fig. 9) is articulated just within the orifice of the larger one,

and is apparently furnished with muscles, by which it can be moved
in any direction, or retracted. In the usual state of the animal, this

collection of instruments lies concealed within the larger tube, which

is again enclosed within the transparent sheath, and the two mandi-

bles are closely embraced by the palpi, and supported below on the

sternal labium ; but by moderate pressure between glass, the appara-
tus can be made to expand, as in fig. 7, 8, where the extremity of the

large central tube of the mandible is extruded from its sheath, and

opens on its external side, to allow of the projection of the enclosed

instruments. The inner portion of the tube forms a sort of hood or

lid, and is articulated so as to perform that function.

The sternal labium is represented at a (fig. 8), and is remarkable by
its curious scales.

The intestinal canal appears to be continuous with the tubes of

the mandibles, which are evidently prolonged into the trunk, and it

presents numerous large cceca. From the immature condition of the

present specimens, no reproductive organs are to be distinguished :

nor can I perceive any circulation, nor any tracheae.

The legs consist of seven joints, and are of nearly equal size and
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length. They are attached to the anterior half of the trunk, inferi-

orly. The tarsi are terminated by fan-like expansible feet, furnished

on the back with long recurved claws. The feet, which are beautiful

microscopic objects, are represented in the expanded state at fig. 4 ;

and one of the legs, with the foot contracted, in fig. 3.

From the foregoing I conclude :
—

1. That the Acari now presented to the Society are the young of a

species of Ixodes.

2. That they are gifted with extraordinary powers of vitality in the

absence of nutriment of any kind.

3. That this genus has no mouth, properly so called, but imbibes

its food through two suctorial tubes contained in the mandibles.

DESCRIPTION OF PLATES IX. AND X.

PLATE IX.

Fig. 1. Dorsal view of the Carapato. b. The mandibles, c. The palpi.

Fig. 2. Abdominal view of ditto, a. The sternal labium, c. The palpi.

In these two figures the smaller one is magnified about 18, and the larger one

about 50 linear.

Fig. 3. One of the legs with the foot contracted.

Fig. 4, 4'. 4". Magnified views of the feet when expanded, in three different positions.

PLATE X.

Fig. 5. The head magnified, seen from above, a. The palpi, b. The mandibles.

Fig. 6. Magnified view of the head &c. seen from beneath, o. The palpi, b. The

mandibles, c. The maxillae, d. The sternal labium.

Fig. 7. The oral apparatus, highly magnified, seen from above, a. The sternal labi-

um, bb. The mandibles, cc. The palpi.

Fig. 8. Magnified view of the oral apparatus, seen from beneath, a. The sternal la-

bium, showing its curious scales, bb. The mandibles, cc. The palpi.

These two figures are magnified about 150 linear.

Fig. 9. One of the maudibles with the organs of nutrition, magnified about 300 linear.

a. The suctorial tube. b. Blade resembling a saw. c. Blade for cutting.

d. Hook.
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XV. — On the Minute Structure of certain substances expelledfrom
the human intestine, having the ordinary appearance of shreds

of Lymph, hut consisting entirely offilaments of a Confervoid

type, probably belonging to the genus Oscillatoria. By Arthur

Farrk, M.D.j F.R.S.

Read June 22, 1842.

On a former occasion I laid before the Society the results of my
observations upon a remarkable and exceedingly rare parasite of the

human body, the larva of the Anthomyia canicularis, which was ex-

pelled in vast numbers from the intestine. The subject of the pre-

sent communication must also, I presume, be classed under the head

of parasites, but occurring under such a remarkable form, as to ren-

der the determination of its precise nature a matter of not very easy

accomplishment.
The individual from whom the substances which I shall describe

were obtained, is a married female, aged thirty-five, residing at No.

28, Crown Street, Soho, who is now attending as an out-patient under

my care, at King's College Hospital. She is a moderately stout and

healthy looking person, but has been slightly ailing for the last twelve

months, and for six weeks past has been subject to menorrhagia, by
which she has been somewhat debilitated: she has also suffered lately

from slight dispepsia. Six days ago, after suffering considerable grip-

ing pains in the bowels, which continued for twelve hours, she passed

per anum a number of shreds, which being discharged with some

difficulty, and causing an obstruction of the bowel, her attention was

thereby more particularly attracted, and some of the shreds were pull-

ed away by herself, so that there can be no question as to the source

whence they were derived.

The substances thus passed were placed in water, and brought by
the patient for my inspection. They had so much the appearance
and ordinary characters of shreds of lymph, or false membrane, that I

had not at that time the slightest suspicion of their being anything

else, and merely reserved them for a more particular examination at

some future period, but without any expectation that they would pre-

sent appearances different from the ordinary microscopic characters

of false membrane. I was therefore much surprised, on placing a

small portion of the substance under the microscope, to find that it

presented the appearance of a mass of Conferva, and that, in fact, the
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entire substance was made up of nothing else but tangled filaments of

a confervoid type. However, before describing the microscopic cha-

racters of this singular substance, it will be necessary to give some

idea of the appearance of the mass, as examined without the aid of

the microscope. I have already compared the substances to shreds

of lymph or false membrane
;
such shreds or flakes of soft yellow mat-

ter, assuming a membranous form, are familiar to every one accus-

tomed to pathological researches. It is well known that they are of-

ten the result of inflammation attacking membranous surfaces, and

that they are most frequently met with on the serous membranes, as

the pleura, pericardium and peritoneum, but that they are also occa-

sionally, though more rarely, produced from mucous surfaces, as those

which line the air-passages and alimentary canal. Of the same na-

ture as these have been also generally considered those fibrinous flakes

which are occasionally passed from the intestines in chronic affec-

tions of the mucous membrane of those parts, and which sometimes

assume the form of tubular casts, evidently moulded upon the surface

of the gut ;
and lastly, I may allude to a more common affection of

another mucous surface, the lining membrane of the uterus, on which

membranous substances are occasionally formed and discharged, con-

stituting a complete cast of the organ, and familiar to every practi-

tioner as occurring occasionally in cases of dysmenorrhea.
I allude to these examples (familiar enough to medical men) for the

purpose of showing to those who have not directed their attention to

such subjects, that membranous or fibrinous substances are occasion-

ally discharged from the various mucous surfaces of the body, wThich

are generally considered to be the product of inflammation, either

acute or chronic, and are closely allied in composition and ordinary

characters to the fibrinous part of the blood, from which fluid they are

apparently separated by the inflammatory process. With such know-

ledge therefore we should, I think, be but little prepared to find that

flakes or shreds of a membranous substance, having so much of the

ordinary appearance of the substances which I have just described,

that several medical friends to whom I have shown them, have at

once supposed them to be the ordinary flakes of false membrane dis-

charged from the bowels, should, when microscopically examined,

present all the characters of those confervoid masses which are to be

found in almost every water, but the appearance of which to the na-

ked eye is so totally dissimilar to that of the substances under consi-

deration, that no one could for a moment suppose, without the aid of
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the microscope, that they were, in the slightest degree, allied to each

other.

The several portions of this substance in my possession, differ from

each other in some respects in reference to their external characters,

though in their composition all are alike. Some of the portions are

in the form of riband-shaped masses, ofwhich the largest is six inches

in length, varying from half to three quarters of an inch in breadth,

and is about a line in thickness, (Plate xi. fig. 1) : there are five or

six portions of similar breadth and thickness, and varying from one to

two inches in length. These portions are highly elastic, and may be

stretched to a considerable length, returning again to their former

shape with considerable resiliency. This elasticity however is chiefly

observed when the pieces are stretched in the longitudinal direction,

as they are capable of very little extension transversely. The margin
of some of these portions is irregular and flocculent, being formed

evidently of minute filaments, and resembling the villous surface of a

mucous membrane, and in the largest piece the whole surface has this

velvety appearauce. Others of these portions present more distinct

evidences of a fibrous arrangement, (fig. 4), and distinct traces of fi-

bres, or, as they will be presently shown to be, bundles of filaments,

may be observed extending through the mass, both longitudinally and

transversely, but the surface or the margins still preserving a floccu-

lent appearance. One or two of these pieces, of which the border is

nearly smooth, present very much an appearance of having been cast

in a flattened or contracted portion of the small intestines ;
one of

these especially (fig. 3), which is only four lines in width, looks like

a portion of the intestine of some small animal, with its mucous mem-

brane turned externally and flattened, but, like the other portions, it

is not hollow, but riband-shaped. The remaining portions differ

from these only in presenting no trace of the flocculent surface or mar-

gins, and in being more completely membranous. They might, in

fact, be easily mistaken for portions of animal membrane, and being

of a closer texture have much less elasticity than the former portions.

The thinnest of these portions, which at its edge is nearly diapha-

nous, is very smooth and shining, having almost a tendinous lustre.

To the naked eye it appears to be made up of fibres, both longitudi-

nal and transverse, but the longitudinal prevail, and the mass more

readily splits in that direction, the splitting taking place with a clean

margin, as if cut with a sharp instrument. This fragment bears no dis-

tant resemblance to a piece of dura mater, covered by the arachnoid

membrane (fig. 2) ;
both surfaces are equally smooth, and no appear-
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ance is presented of any surface for attachment. The remaining por-

tions are thicker, measuring nearly a line in thickness, and present a

more distinct appearance of fibres crossing at right angles. They

may, in fact, be readily split into masses of fibres, which very closely

resemble, both in colour and texture, the middle or fibrous coat of the

arteries, but being softer and more elastic. The whole of these por-

tions are of a buff colour, and are here described as they appear when

examined under water.

When a small fragment of any of these masses is placed under the

microscope, with an amplifying power of from 50 to 100 linear, it is

seen to be made up of very delicate filaments, the jVog °f &n hich in

diameter, which are differently arranged in different specimens. In

those portions which have a flocculent surface and loose texture, the

filaments are seen to be coiled up and interwoven in a tangled mass,

which presents no appearance of any definite arrangement (fig. 6) : at

the edges of such portions the filaments are seen distinct and separate

from each other, and shooting free into the surrounding fluid ; but

the examination of the centre presents a confused appearance where

the fibres cross each other in all directions, and intermingled with

them are seen some irregular granules of the same colour as the mass.

When those portions however are examined which have a membra-

nous character, a very distinct and definite arrangement of the fibres is

perceived, which here cross each other nearly at right angles, and are

so interwoven as to form a layer of greater or less strength and thick-

ness, (fig. 5) ;
and it is apparently entirely owing to this variety in

the mode of arrangement of the fibres, that the different appearances

in the several masses already described are produced : the tangled

and confused aggregation of fibres producing the villous masses, the

loose ends of the filaments constituting in fact the villosity, and the

regular crossing of the fibres giving rise to the smooth, shining mem-

branous expansion.
To examine however the minute structure of these filaments, which

make up, in fact, the whole mass of these singular substances, with

the exception of the granules just noticed, and which are few in num-

ber, it is necessary to use a magnifying power of 500 or 600 linear,

and the appearances then observed will be best described by the aid

of a diagram, (see Plate xi. and the description).

The filaments which have been just described, are so exceedingly

minute, and require such high powers for their examination, that it

must be a matter of some difficulty to determine their exact nature.

The confervoid type however is, I think, so very strikingly and obvi-
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ously exhibited, as to leave little room to doubt the class of products
to which this substance is to be referred. That it is no animal mem-
brane or product of inflammation, as it would at first sight appear to

be, before it had been submitted to the test of the microscope, will, I

think, be readily admitted by all who have ever had the opportunity

of examining these substances. The texture to which perhaps it ap-

proaches most nearly, is the muscular, and that in the invertebrate

classes only, in many of which the filaments composing that texture

are disconnected, and not bound up in bundles and enveloped in

sheaths, as in the Vertebrata, to which, therefore, the arrangement
here described can bear no resemblance

;
but the resemblance to mus-

cular texture at once vanishes when we apply the higher power, and

discover the intimate structure already described.

If, as I presume will be the case, the product be admitted to belong
to that group of Cryptogamic products which have been generally

classed together under the title of Conferva, it then remains to deter-

mine whether this specimen belongs to any known genus or species,

or is as yet undescribed. I am inclined to refer it to the genus Os-

cillatoria, but am not acquainted with any species with which it is

identical. Its resemblance to Oscillatoria is seen in the extreme de-

licacy of its filaments, in its simple transverse markings, and the sepa-

ration of the green matter at intervals within the sheath by which those

markings are produced. In colour it resembles Oscillatoria ochracea,

but that species is extremely brittle, and can scarcely be handled

without breaking up into fragments, while this is very tough and elas-

tic. I am inclined to consider it a new species, if not a new genus.

Further opportunities of examining this product, supposing it to be

allied to or to belong to Oscillatoria, may probably throw some light on

the disputed question of the animal or vegetable nature of that genus,

which appears to be now one of the many bones of contention between

the botanist and the zoologist. Perhaps the chemical analysis of this

substance, which I have not yet had an opportunity of instituting,

may throw some light upon the question. I have already alluded to

the resemblance in colour and other particulars, of this substance to

animal matter ;
it appears also to be disposed to a similar putrefac-

tion, for on opening the phial this morning, in which the substance

was contained in a weak solution of salt and water, I perceived a very

distinct odour, similar to that of decomposing animal matter, and I

find that these specimens are not now so perfect as when I first exa-

mined them.

With regard to the source from which these bodies could be dc-
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rived : since similar organisms are abundant in every water, there can

be no difficulty in supposing that a portion of the substance itself, or

some of its reproductive germs or sporules, may have been swallowed

by this individual in the water which she drinks. I have made par-

ticular enquiry as to her diet, and find that it is of the ordinary de-

scription, both animal and vegetable, and that her drink is limited to

tea and water, but of the latter she takes very little. The water is

supplied by the ordinary service-pipes of the metropolis, and not from

any particular well or pump.
At this point of the enquiry the same difficulty occurs as in the

question of the origin of the ordinary internal parasites of animals,

the Entozoa. Whence are they derived, and how is their existence

in the body to be explained by reference to an external origin, since

they are not found in any other situation ? It would be almost impos-
sible to conceive that the substance which I have described could be

found out of an organized body, for example, in a stream of water
;

but I would suggest, that having derived its supplies of nourishment

from an organized body (in this case, as may be presumed, from the

surface of the intestine), its characters may have been so far modified

consisting in fact, as it does, of animal matter, as to render the object
no longer recognizible as an already existing species.

I believe the fact which I have just announced is new to science;

I have not myself met with any similar instance, but it belongs to a

class of facts which modern microscopic investigation is rapidly ren-

dering familiar to all who value that species of observation. In the

journals of the day may be found numerous examples of parasitic

growth from various parts of the bodies of animals, and even of man.

From the surface of the body, as in the confervoid growths attached

to the fins and gills of fishes, and cryptogamic vegetation constituting

the essential part of certain morbid products, as in the porrigo of the

human subject. Other examples are recorded of internal vegetations,

Entophyia as well as Entozoa, as from the lungs in birds, and even

of the human subject, as recorded by Dr. J. H. Bennett, in a case

where such organisms were expectorated by an individual under pul-

monary consumption. Mr. Goodsir has related a case in which thou-

sands of animals, allied to the genus Gonium, were vomited from the

human stomach ; and to the mass of evidence which is thus rapidly

accumulating, of parasitic growths, both animal and vegetable, in-

festing the bodies of man and animals, I beg to add the details of the

analogous formation which I have just had the honor of describing
to the Society.
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EXPLANATION OF PLATE XI.

Fig. 1 . One of the larger portions of membrane. This was of a loose texture, floccu-

lent on the surface and very elastic. It is represented of the actual size.

These portions readily broke when lifted out of the water, and quickly de-

composed, even in salt and water.

Fig. 2. A portion of the more dense membrane, having a smooth shining surface, firm

texture, and distinct fibrous structure.

Fig. 3. A portion resembling a cast of the intestine.

Fig. 4. A portion showing the fibrous arrangement when torn : magnified two diameters.

Fig. 5. A small portion from the thinnest margin of fig. 2, showing the direction of

the fibres crossing each other nearly at right angles, and with considerable re-

gularity. The firmness of texture and membranous character of these por-

tions, are owing apparently to this arrangement. Magnified 80 diameters.

Fig. 6. A portion of fig. 1
, magnified 200 diameters. In this figure, the tangled ar-

rangement of the filaments is shown, which characterises all the looser and

more fiocculent portions. In some parts the filaments are shown split longi-

tudinally.

Fig. 7. A similar portion, in which the filaments are slightly stretched across the field.

The longitudinal splitting and transverse markings of the filaments are dis-

tinctly seen.

Fig. 8. The same characters shown more distinctly, magnified 350 diameters.

Fig. 9. The transverse markings are here shown to be produced by transverse septa,

dividing the filaments apparently into cells, filled with green matter. The
transverse splitting of the filaments takes place at these joints. When the

splitting takes place longitudinally, the laceration passes through the centre

of the cells, which are laid open, and the margins of the laceration have a

notched appearance.
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XVI.— On a peculiar arrangement of Blood-vessels in the Air-blad-

der of Fishes, with some remarks on the evidence which they

afford of the truefunction of that organ. By John Quekett,
Assistant Conservator of the Museum of the Royal College of

Surgeons of England.

Read July 20, 1842.

The singular and beautiful manner in which the minute blood-ves-

sels of the various tissues and organs of the animal body are arranged,
have formed, since the time of Malpighi, Ruysch, Lieberkuhn, and

the older anatomists, some of the most interesting and important sub-

jects of microscopical investigation. So constant is the distribution

of the capillary vessels in the same tissue or organ throughout the

animal kingdom, that not only can they be classified, but even the

particular function which a part performs can, by the initiated, be at

once pronounced from an inspection of its blood-vessels. The re-

searches of Mr. Dalrymple,
" On the Vascular Arrangement of the

Capillary Vessels of the Allantoid and Vitelline Membranes of the

incubated Egg," which were communicated to the Society at one of

its earliest meetings, affords an excellent example of the importance
of this subject, since from the arrangement of the capillaries alone in

the injected allantoid membrane, he has by the assistance of the mi-

croscope been able to point out the true respiratory function of this

membrane, by showing that the vascular net-work is precisely similar

to that found in the lungs of other vertebrate animals, and by this

means to settle satisfactorily a long-disputed question.

Among the most common, and now most easily recognized classes

of vessels, are those which characterise the cutaneous, muscular and

respiratory systems. Most anatomists are familiar with other classes,

but to no known class that I am aware of, can some of those found in

the air-bladders of fishes be at present referred. Anatomists, with

very few exceptions, appear to have passed over this subject in si-

lence. All authors agree in mentioning the fact of the great vascu-

larity of the interior of the bladder ; but the minute vascular arrange-
ment which could not well be studied without the aid of injection,

has been overlooked : the great difficulty of injecting fish, on account

of the weakness of their vessels, is perhaps the principal reason of this

part of their anatomy being undescribed. The difficulty of the injec-
tion must have been well known to Fischer, a German anatomist, for
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in his work on the air-bladder the following passage occurs. " With
all the pains that I took to inject the vessels on every side, and even

with the assistance of ray friends, Herr Benad and Herr Steiniger,
both very dexterous in dissecting, all our endeavours were fruitless.

These vessels are so minute, even in fish of a considerable size, that

the patience of CarorTni was even insufficient to follow them."

Before entering on this subject, it will be necessary to make some
remarks on a few of the many kinds of air-bladders met with in fishes

generally ; and for my present purpose it will be merely requisite to

divide them into three classes.

1. Into those which are simple musculo-membranous sacs, having
no duct of communication either with the alimentary canal, or in fact

any external opening. This kind of bladder is found in the cod tribe,

in the gurnard, sword-fish, haddock, perch, and many other fish.

2. Into those that are single, but have a duct of communication

which is termed (always when it is found) ductus pneumaticus or air-

duct. This opens sometimes into the stomach or oesophagus or some

part of the alimentary canal. Instances of this kind are found in the

pike, salmon, sturgeon, trout, and many others.

3. Into those which are double, the two compartments being kept

together, or rather communicating with each other by a narrow tube,

and the ductus pneumaticus in all cases proceeding from the posterior

compartment. We have numerous examples of this kind of air-blad-

der in most of our fresh-water fishes, as the carp, barbel, tench, roach,

chub and gold fish.

The first class of air-bladders, or those which have no duct of com-

munication, are generally found in those fish which frequent deep
water

; and in the interior of the bladder is situated a highly vascular

body, termed by authors the gland for secreting the air. Of this kind

of air-bladder we have an excellent example in the common cod
; in

this fish it is a thick muscular bag, of a pyriform figure, indented at

the margins, and firmly attached to the bony framework of the verte-

brae and ribs, and having two tubular processes, about three inches in

length, one on each side, proceeding from the upper part of the blad-

der, and provided with blind extremities. They are curved upon

themselves, and the curved portion lies in a cavity in the head of the

fish, near to the labyrinth of the ear. From this circumstance, the

air-bladder has been supposed, by Professor E. H. Weber and others,

to be concerned in the function of hearing. The outside of the blad-

der is invested with a thin membrane, continuous with that of the

peritonaeum, which lines the whole abdominal cavity ; and beneath
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this we have two layers of muscular fibres. The interior is lined with

a thin membrane of silvery whiteness, which, when examined micro-

scopically, is found to be composed of a series of fibres, covered with

a basement of membrane provided with scales of epithelium.

Beneath this membrane we have a layer of vessels, which are very

remarkable for the peculiarity of their arrangement. Near the upper

part and on the ventral surface of the bladder, is situated the glandu-

lar body before spoken of: it is of an oval figure, somewhat resem-

bling in shape an exogenous leaf of that kind termed by the botanist

peltate or shield-shaped ; and to this so-called gland, anatomists have

assigned the function of secreting the air contained in the bladder.

It is largely supplied with blood, for in fact it is made up of little else

than bundles of parallel vessels, and with it are connected all the

large trunks which supply the whole of the interior of the bladder.

The gland receives its supply of blood from the aorta high up, and

the artery passes into the bladder immediately over the middle of the

gland ;
it then divides into a great number of branches, each one of

which again divides and subdivides, and ultimately terminates in a

brush-shaped appendage, about three lines in length, which is entire-

ly composed of a bundle of parallel vessels, which are very minute,

(PI. xiii. fig. 3) ;
and each vessel, when it has arrived at the free ex-

tremity of the gland, bends upon itself and forms a loop, and returns

again (fig. 3, a). These parallel vessels are the true capillaries of the

gland, and the loops are the points at which the arterial system joins

the venous. By a little trouble the whole of this body can be sepa-

rated into a series of these brush-shaped appendages, each one of

which gives one such an appearance as is represented in PI. xiii. fig.

4. When the gland is entire, it presents a slightly lobulated charac-

ter, the division into lobules being made apparent by the large trunks

going to and from the brush-shaped appendages, which are themselves

connected together by the same silvery kind of tissue as that which

lines the whole of the interior of the bladder. When the vessels have

been well filled, the free surface of the gland is made red by the in-

jection ;
but in those parts where the injected fluid has not reached

the extremity of the brush-like appendages, then it is of a light brown

colour. It is loosely connected to the thin lining membrane of the

bladder, and can readily be removed with that membrane, the only

firm point of attachment being that part where the vessels enter the

bladder. The distribution in the other part of the bladder is no less

remarkable than it is in the gland. The vessels which take their sup-

ply from and return their blood to the gland, are, in the specimen
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before us, three in number, running always quite parallel to each

other: the middle one of the three is much smaller than the two outer

ones, and is the artery, whilst the two larger trunks are the veins, (PI.

xii. fig. 3). In those fish in which 1 have succeeded in injecting
both arteries and veins, three trunks are seen ; but when only the

veins have been filled, then there are but the two outer ones, the small

artery between them being just perceptible, in the uninjected state.

When the ramification of these trunks takes place, each of the three

divides into two branches, which branches are nearly of the same di-

ameter as the original trunks, and they cross each other obliquely,

and produce an appearance not unlike the Roman letter Y ; this can

be explained better by a reference to PI. xii. fig. 3, than by any ver-

bal description. At the back part of the bladder which is attached

to the spine, there is another set of vessels of an arborescent figure,

and they run at right angles to the body of the fish ; these appear to

be connected more with the kidneys than with the air-bladder.

The parallel arrangement of vessels appears to be constant in the

air-bladders of fish, there being but slight modifications of this plan
in all the species of fish which have been examined : in those fish in

which the bladder is double, as in the carp, tench, barbel, chub, roach

&c, this arrangement is found only in the posterior compartment, in

many fish they can be well examined, even without the aid of injec-

tion, for the vessels are, in most cases, filled with blood, and the con-

trast between them and the silvery lining membrane of the bladder

makes them the more evident.

In the pike the air-bladder is a single one, but it has an aperture of

communication, or ductus pneumaticus, but no gland, as in the cod.

In this fish the distribution is very analogous to that which prevails

in the cod, but instead of having only three vessels, there are as many
as five or six running quite parallel to each other (PI. xii. fig. 5); and

when a branching off takes place, each of the three trunks nearest to

the side from which the vessels are to arise splits into two, and again

six parallel trunks are formed
;
these again divide and subdivide to

their terminations. It is only here and there that we have a crossing

of the vessels as in the cod, as the branches arc given off first from

the right side, then from the left, and so on alternately.

In the perch, which is remarkable from its having an air-bladder

without any ductus pneumaticus as the cod-fish before alluded to, we
have a glandular body not in one compact mass, but scattered about

the interior. The bladder itself is very thin, and when distended oc-

cupies a very considerable portion of the abdominal cavity, and the



103

scattered portions of the gland are very visible through the transpa-

rent parietes of the bladder. Each branch of any considerable size

which is given off from the main artery supplying the bladder, ends

in three or four of the brush-shaped appendages, as in PI. xiii. fig. 4,

and even in the uninjured state they appear to the unassisted eye as

so many clusters of Vorticella, or bell polyps. The arrangement in

the other part of the interior of the bladder is of the parallel kind be-

fore described as occurring in other fishes, but the muscular structure

of the bladder appears but little developed, as its parietes are very

transparent.

In the eel, the air-bladder is very remarkable ;
and this is the only

fish in which I have been able to inject satisfactorily the upper part

of the bladder. This part, described by most authors as communi-

cating with the oesophagus (PI. xiii. fig. 1 a), is exceedingly thin, and

the vessels which ramify in its interior, are very visible through its

parietes. It joins the second portion of the bladder at a very acute

angle about its middle (PI. xiii. fig. lb). This last portion is spindle-

shaped, and much thicker than the first, and is invested with several

layers of a silvery membrane, which renders it opaque. At the point

ofjunction of these two compartments we have two glandular bodies,

placed one on each side of the duct of communication between the

compartments, (Plate xiii. fig. 1 d) ;
these are compact and hard, and,

like the same parts in the cod fish, are composed entirely of parallel

vessels, and with them are connected all the trunks which supply the

posterior compartment of the bladder. The blood is received from

the aorta very high up, and is first distributed to the upper compart-

ment, then it goes to the two glandular bodies before spoken of, and

from them is distributed to the whole interior of the posterior portion

of the bladder, and returned again by a large vein, which may be very
well seen in the thin membrane, running in a direction nearly paral-

lel to the artery. The arrangement of vessels in the upper compart-
ment is very peculiar, and approaches nearer to that of the cellular

lungs of the Reptilia than any other system, in which animals we have

a single twig, dividing into net-work of nearly equal-sized capillaries,

the interspaces or meshes being also remarkable for the equality of

their size. In the posterior compartment, the distribution is some-

what similar to that in the upper part, but the branches are far more

tortuous, and few if any meshes are formed, (PI. xii. fig. 4); and both

arteries and veins have the same arrangement, and run parallel to

each other, and when one system of vessels is successfully injected,
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llie other gets filled as well, so that the course and communication of

the arterial and venous vessels can readily be made out.

In the gurnard the air-bladder is short and very muscular
;

it has

no ductus pneumaticus, but, like that of the cod, is provided with a

gland, and with the same parallel distribution of vessels : the same

structure also is found in all the fish which I have had an opportunity
of examining, these now amount to upwards of thirty species.

Having said thus much on the peculiar arrangement of the capilla-

ry vessels in the organ in question, it now remains for us to consider

whether any light can be thrown upon the function which the air-

bladder performs, from an inspection of its blood-vessels. To enu-

merate all the authors who have written on this subject, would be a

task of no small moment, and for our present purpose such a recital

would be useless. Suffice it to say that the talents of a Cuvier and a

Hunter have been employed in the investigation, and the true use of the

air-bladder, to the present day, remains as an unsolved problem, and

the points at issue are these, whether it acts only the part of a float, or

whether it is at all concerned in the function of respiration. If all

fishes were supplied with an air-bladder, the question could be settled

without much difficulty, but such is not the case. Mr. Yarrell, in his
*

History of British Fishes,' informs us, that
" one fourth of the fishes

known have no air-bladder at all, and that two thirds of the other three

fourths have neither canal nor aperture for external communication."

Besides this, the air-bladder is said to be present in one species of

a genus and absent in another. Our common mackerel {Scomber

Scomber), is said to have no air-bladder, whilst of the same genus,

Scomber pneumatophorus has one. Many other instances of this kind

could be mentioned. The flat fish, and most of the cartilaginous fish-

es, are without air-bladders, while most of those which live near the

surface of the water are supplied with them. Others on the contrary
are supplied with air-bladders which are sacculated, and extend near-

ly the whole length of the body, precisely like the lungs of the ser-

pent tribe, and the ductus pneumaticus which opens into the pharynx,
is even surmounted by a perfect glottis, and provided also with mus-

cles to close it. The best example of this kind of air-bladder is found

in a fish of the pike kind, named the Lepidosteus osseus. It inhabits

some of the rivers in the interior of North America, and is the only

living representative of a long-lost family of bony-scaled fishes. Pro-

fessor Agassiz, in dissecting one of these fish, was immediately struck

with the great analogy between its air-bladder and the lung of a ser-

pent ; and this organ has also been made the subject of a paper in
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Miiller's Archives, by Professor J. Van der Hoeven. The Lepido-

siren, too, the real ichthyic character of which has been so ably de-

monstrated by Professor Owen, in a late part of the * Linnean Trans-

actions,' is provided with a double sacculated air-bladder, precisely

similar to the lungs of some of the Reptilia, and with a glottis as well.

That the air-bladder performs, in some fishes, some other function

than that of a float, by the compression or dilatation of which, as in

the philosophical toy termed the hydrostatic paradox, it may sink to

a greater depth or rise to the surface of the water, must, I think, be

allowed. Our countryman, Needham, in his work entitled
' Dis-

quisitio Anatomica,' published in 1667, is one of the first to venture

this opinion. He not only figures accurately the air-bladders in four

different kinds offish, but represents the blood-vessels in two of them;

and in the eel the two glandular bodies are shown, and the large ves-

sels going to and from them. He however makes no mention of the

minute arrangement of the blood-vessels, the only vessels he figures

being the large artery seen in the upper compartment.
I will now, in conclusion, state briefly the chief points of interest

which may be deduced from my own observations, and what I have

been able to collect from the writings of others. The air contained

in the interior of the bladder has been analysed with particular care

by Priestly, Fourcroy, Configliachi and Biot, as well as by some of the

most distinguished chemists of the present age, and they all agree in

these points, that in those fish with closed air-bladders, a great pro-

portion of it consists of oxygen, as much as from 69 to 87 per cent.,

whilst in those fishes in which there is a ductus pneumaticus, as in

the carp, nitrogen abounds, to as much as 87 per cent., whilst the

oxygen and carbonic acid were only about 7 and 5 per cent, respec-

tively. It has been before stated, that in all the closed air-bladders

the glandular body is found, and hence we have a right to infer, that

this difference in the component parts of the air may be dependent

upon this vascular apparatus ; besides, all these fish live, for the most

part, in deep water, and the bladder is thick and muscular, whilst those

with a duct live nearer the surface, and in them it is thin and weak,
and the probable use of the gland may be not to secrete air, but to

keep what is contained in the bladder quite pure, as these fish, from

having no duct of communication, cannot change the air should it

become impure ; besides, in these thick muscular bladders, we can-

not imagine that any interchange can take place between the air in

the bladder, and what is contained in the abdominal cavity by endos-

I 2



10G

mose or exosmose ; and, as there has yet been no external opening

discovered, it seems difficult to comprehend what can become of the

air which is constantly being secreted by the gland. It would be

much more reasonable to suppose that this so called gland should be

subservient to the function of purification of the blood, or of the air,

than in that of secretion, and that the accomplishment of this purpose

may be the reverse of what it is in the lungs of Mammalia ; that is,

instead of the air being brought in contact with the blood, the blood

in the gland is brought in contact with the air. An arrangement of

parallel vessels, similar to those in the glandular bodies of the eel

and cod, have been found in the choroid gland of the eye of fishes,

and also on a large scale, forming two large glands, near vthe liver of

the tunny. We can hardly imagine that these glands, so placed, are

for the secretion of air. When the circulation of fishes is taken into

account, when the power which impels the blood through the aorta

is merely the vis a tergo, it would not be difficult to suppose that

these glands are so arranged, that, instead of the blood of these par-

ticular organs going at once back to the gills to be purified, this neces-

sary change is accomplished by the minute division of the capillaries

of these glands. That the air-bladder does act as a float in some fish

may be true
; but if it be punctured, the fish is not deprived of the

power of raising itself in the water, as many have supposed, for

numerous experiments have been made, which are conclusive as to

this point. But the best of all evidence is to be derived from the

arrangement of the blood-vessels, which appear to have been over-

looked. On a careful comparison of the minute ramifications of the

capillary vessels in the air-bladder of the eel with those of other

injected tissues in my own possession, and also with those depicted in

works on microscopic anatomy, I find that the arrangement comes

nearest that of the lungs of reptiles, where a single vessel gives off or

divides into a great number of equal sized branches. In the toad,

frog, and snake, the only difference to be observed is, that the hexa-

gonal spaces between the capillaries are rather more uniform, and

much smaller in size, than in the eel
;
but this may be accounted for,

in some measure, by the manner in which the object has been pre-

pared, as in drying, the membrane has been stretched in one way
more than another, so that the hexagons have given place to elongated

spaces, but the chief difference is on account of the interior not being
divided into cells, as in those of the Reptilia. In some air-bladders,

and even in the lower or posterior compartment of the air-bladder of

the eel, there is an arrangement of wavy vessels, very analogous to
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those seen in the allantois of the frog. Now, the allantois in this

animal, like the same membrane in the incubated egg, is now allowed

to perform a respiratory office, and this was first described by Town-

son, in his work entitled
' De Amphibiis,' which was published more

than half a century ago ; so that in one and the same animal we have

two structures exhibiting an analogy in the arrangement of their ves-

sels to two others, whose true functions are known. On exhibiting
one of these preparations to my friend Mr. Dalrymple, he at once

pronounced that the vessels approached more nearly to the distribu-

tion in the cellular lungs of reptiles, than to any other structure that

he was acquainted with
;
and it is more than probable, if the air-

bladder of the Lepidosteus before alluded to, were injected, that the

analogy would be so striking, that it would be difficult to determine

which was air-bladder and which lung. There are many other fish

which have air-bladders equally interesting, in their stomachs, and

which approach very nearly the cellular lungs of the Reptilia. I may
notice, besides the Lepidosiren and Lepidosteus, that of the Silurus

felis, which is sacculated like the lung of a frog. A figure has been

given of this air-bladder by Cuvier, in his
'

Comparative Anatomy.'
From the present state of our knowledge, it is difficult to say why

the air-bladder should be absent in so many species of the finny race,

and present in others. It would require a most rigid examination into

the intimate structure and habits of those fish that are not supplied
with this organ, to answer this question : it will, no doubt, be found

eventually, that there is some arrangement either in the gills, or some

other part of their system, to compensate for this loss, and, at the

same time, prove the unity of the plan on which all these remarkable

animals are constructed.

Since writing the above, I have succeeded in injecting the lungs of

the chameleon, and in this animal the arrangement comes nearest that

found in the upper compartment of the air-bladder of the eel, the

only differences being, that in the chameleon the capillaries are much

smaller, and the formation of the meshes more angular, than in the

eel, as seen in figs. 1 and 6 (PL xii.), as compared with fig. 2. In

other respects they are perfectly identical. I may here also state,

that at Professor Owen's request, I succeeded in injecting a small

portion of the air-bladder of the Lepidosiren, and the arrangement
of the vessels was precisely like that of the lungs of the Reptilia.

July 19, 1842.
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EXPLANATION OF PLATE XII.

Fig. 1. A portion of the lower part of the lung of a Chameleon, exhibiting the

arrangement of the capillary blood-vessels.

Fig. 2. The blood-vessels of the upper compartment of the air-bladder of the Eel.

Fig. 3. The blood-vessels of the interior of the air-bladder of the Cod-fish, (Gadus

morrhua).

Fig. 4. The blood-vessels of the lower compartment of the air-bladder of the Eel.

Fig. 5. The parallel arrangement of the blood-vessels in the interior of the air-

bladder of the Pike, (Esox lucius).

Fig. 6. The vessels of the lower part of the lung of the Chameleon, (part of fig. 1),

magnified fifty diameters, showing the similarity of arrangement between

them and those of the Eel in
fig. 2.

EXPLANATION OF PLATE XIII.

Fig. 1. The air-bladder of the Eel, natural size.

a. Upper compartment.
b. Lower compartment.
c. The opening of the upper compartment, as seen in the pharynx.
d. The two glandular bodies.

Fig. 2. The arrangement of the vessels in one of the glandular bodies, (magnified

twenty diameters).

Fig. 3. One of the glandular appendages to the large trunks in the gland of the

air-bladder of, the Cod-fish.

a. Looped termination of the capillaries.

Fig. 4. A cluster of the same, in various positions, exhibiting the looped termination

of the vessels.
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XVII.— On the Structure of the Animal Basis of the common Egg-
shell, and of the Membrane surrounding the Albumen. By
William B. Carpenter, M.D.

, Read October 19, 1842.

The enclosed preparation consists of some portions of the mem-
brane of the egg-shell, decalcified by dilute acid, and of the membrana

putaminis. They all have exactly the same structure, and differ only

in thickness. The thinnest laminae are seen to possess a beautiful

structure, composed of interlacing fibres, between which numerous

interspaces are left. I have not been able to ascertain the number of

such laminae, which together make up the shell-membrane and the

membrana putaminis ; but it must be very considerable.

The natural uncalcijied membrane of the "
egg without shell," pre-

sents (as might be expected) exactly the same appearance as the

decalcified shell.

The deposit of calcareous matter probably takes place in the inter-

spaces left by the reticulation of the fibres. In the common hen's

egg, it certainly has a chalky character. It is so opaque that I have

not been able to reduce the shell thin enough to see light through it.

It would be interesting to see how far this structure might be modi-

fied in those eggs that have been said to have a crystalline fracture
;.

(see
'

Microscopic Journal,' i. 181).

The easiest way to obtain a layer of this fibrous membrane, is to

put a piece of egg-shell (freed from the membrana putaminis) into

dilute acid ; in a short time, a very delicate pellicle may be seen on

its internal surface, which may be readily detached. In this layer

some bodies may be generally detected, about the size of blood-cor-

puscles, and having a granulated appearance when they are seen

without the covering of fibrous membrane, which usually renders them

indistinct. Some of them may be observed in one of the portions of

the enclosed preparation.

I am strongly inclined to believe, that this membrane is to be re-

garded as analogous to the chorion of Mammalia; and that it is formed

in the mode in which Dr. Barry has described that membrane to be

produced, namely, by the deposition of blood-corpuscles on the ovum

from the inner surface of the oviduct ;
and the subsequent conversion

of these into a fibrous tissue. Dr. Barry (to whom I have shown these

preparations) sees his double spiral in some of the fibres ; but this I

have not been able to recognize.
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The purpose of this interesting structure is evidently to allow free

passage to gases through the shell and the membrana putaminis,
whilst liquids are effectually retained by it.

I make this brief communication, because I am desirous of putting

upon record, without delay, an interesting fact which I believe to be

hitherto unknown ;
and of suggesting to some other microscopists to

carry out the enquiry,
—my own attention being at present differently

occupied.

Biistol, September 19, 1842.
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XVIII.— An explanation of the cause of the Rapid Decay ofmany
Fruits, more especially of those of the Apple and Peach Tribes.

By Arthur Hill Hassall, Esq.

Read October 19, 1842.

I know not whether the cause of the rapid decay of fruits, more

especially of those of the apple tribe, which I am about to relate, has

been ere this promulgated or not, but the discovery is, I fear, of too

interesting a nature, and one moreover so easily made, that I cannot

be the only fortunate observer of it. As it may, nevertheless, be other-

wise, I shall proceed to detail the particulars, trusting that I may
succeed in imparting to my hearers some portion of the pleasure and

interest which I myself experienced on making the observations.

Before submitting any portion of decayed fruit to the microscope,

by means of which many achievments in natural science have already
been effected, and to the number of the triumphs of which the present

discovery must be added, I observed that the soundest and finest fruit

was affected almost as frequently as that of an opposite description ;

and that the process of decay did not commence in any one parti-

cular situation, beginning as often near the base as the apex of the

affected fruit; but that its direction was determined by some bruise or

injury which it had received. From these general remarks I was led

to conclude that the cause of the decay, whatever it might be, was not

of a constitutional but of a local character. With a view therefore of

ascertaining the nature of the cause, I placed a portion of decayed
apple upon the field of the microscope, and was much surprized to

observe vast numbers of ramified filaments, passing between and
around the cells of the parenchyma in all directions. Here, then, I

at once perceived that a satisfactory explanation was afforded of the

phenomenon of the decay of fruits
; that is, supposing the presence of

the filaments to be constant. The ramified filaments were to be re-

garded as those of a minute Fungus or Fungi, which, by insinuating
themselves between the cells of the pulp of the fruit, detached them
from their connexion with each other, thus producing a chain of ef-

fects, as follow.

The relation of the cells being disturbed, the process of endosmosis
can no longer be carried on, and the circulation through the fruit

becomes, as a consequence, either enfeebled or destroyed. The cells
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being isolated and detached, and the circulation through them in-

terrupted or altogether annihilated, they are now unable to maintain

an independent existence, and their vitality becoming enfeebled, the

laws of chemical affinity are called into operation ; gases are gene-
rated in the interior of the cells, finally producing their rupture and a

decomposition of their contents. Thus, therefore, by the simple and

mechanical operation of the Fungus alluded to, is the destruction of

the fruit insured, and a satisfactory explanation afforded of the rapid

decay of certain fruits.

But it may be asked, is not the Fungus to which allusion has been

made, an effect and not a cause of the decay ? I am of opinion, for

reasons presently to be stated, that it cannot be regarded in any other

light than as a cause ; not the only one, indeed, but as the principal
and exciting cause of the phenomena of the decay of fruits.

All the causes, for there are several minor ones which concur ir*

producing decay in fruits, may be divided into the predisposing, the

exciting and the proximate. Among the predisposing causes may be

mentioned imperfect development of the fruit ; an over ripe state ;
a

lax condition of the parenchyma or pulp ;
and exposure to extremes

of temperature combined with moisture. The exciting causes are-

injuries, bruises or contusions, but above all, the Fungus or Fungi

spoken of: while the immediate cause is impeded circulation, which

brings with it the results above detailed.

It will now be apparent that a marked analogy exists between mor-

tification occurring in the animal frame, and that form of decay in

fruits arising from the presence of a fungoid production, which fonn

may, indeed, with propriety, be termed vegetable mortification. The
causes of mortification in the animal, as well as in the apple, pear and

numerous other fruits, resolve themselves into predisposing, exciting

and proximate
— the predisposing being peculiar habits and condi-

tions of body ; the exciting, injuries and exposure to extremes of tem-

perature ; and the proximate, interrupted circulation. The only dif-

ference in the two forms of mortification, consists in the manner in

which the circulation becomes affected in each : in the animal form,

it is the result of a vital process, inflammation and its consequences,
while in the vegetable form, it is the effect of the operation of a me-

chanical cause, or impediment to the circulation arising from the pre-

sence of the Fungus.
In order to show how far the presence of the Fungus is necessary

for the production of decay in fruits, let us endeavour to explain the

phenomenon without reference to it.



113

1 have said that the decay affected the soundest and finest fruit, as

well as that of an opposite description ; and from this I concluded that

the cause, whatever it might be, was of a local and not of a constitu-

tional character. The supposition, therefore, that the decay, in those

instances in which it occurs in sound fruit, arose from enfeebled vita-

lity of the whole fruit affected, would not afford a satisfactory expla-

nation. Since if that were the case, every part of a fruit, an apple or

pear for example, about to pass to decay, ought to be equally and si-

multaneously attacked. Neither would the opinion that the decay
was the result of diminished vital energy in the bruised or injured

portion of the fruit, be any more satisfactory, unless it were argued
that fruits were subject to an inflammatory process, for how otherwise

could the extension of the decay to the sound portion of the fruit be

accounted for ? But a third attempt at an explanation may be made,

on the ground that atmospheric air enters more readily into the bruis-

ed portion of the fruit, and that its oxygen, combining with the ele-

ments of the contents of the injured cells, forms deleterious compounds
which effect the decomposition of the sound portion. But the falsity

of this view is easily proved by the fact that it is rather unfavourable

to the form of decomposition here spoken of, as may be demonstrated

by a simple experiment. If apples divided with a knife be exposed
to the air, together with such as are bruised, the skin not being rup-

tured, the decay of the bruised part will result more quickly than that

of the simply incised fruit.

Seeing therefore the deficiencies of the only explanations which it

appears to me could be suggested of the particular form of decay
which so generally affects fruits of the apple and peach tribes, I am

compelled therefore to have recourse, for a consistent explanation, to

the Fungus which I have this evening introduced to the notice of the

Members of the Microscopical Society.

But it must not be supposed that I am going to deny the possibi-

lity of an apple passing to decay in the same manner as other organ-

ized substances, whether animal or vegetable, namely, by the laws of

chemical action operating upon their substances, the animating prin-

ciple having fled from its temporary tenement ; but the decay, the

result of a general loss of vitality, is very different from the form of

decay which has this evening been discussed, which may have, and

frequently has, its seat in the fruit while it is still upon the tree, firm,

juicy and life-like.

Liebig, in his philosophic work on Organic Chemistry, divides the

processes of organic decomposition into those of fermentation, putre-
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faction and decay ; to the last of these he applies the term cremacau-

sis : and he accounts for its extension from one portion of a body-
to another part of the same, or to a neighbouring body, by reference

to a remarkable principle, the exact method of the operation of which

is however by no means clear, that substances, while undergoing de-

composition, cause other bodies with which they are in contact like-

wise to become decomposed ;
and this, not by virtue of any chemical

action which the decomposing body exerts on that, the decomposition
of which it effects, but by a kind of induction. As, however, the pro-

cesses here mentioned affect only dead organic matter, the principle

therefore, so elaborately illustrated by Liebig, does not appear to me
to be in any way concerned in occasioning the extension of that pe-

culiar form of decay, the subject of the present paper, and which I

have stated to involve sound and living portions of fruit. Were how-

ever any one of the processes above referred to applicable to it, still,

the influence exerted by the Fungi in effecting the decomposition and

destruction of fruit, would be in no way lessened or disproved.

The rapidity of the extension of vegetable mortification depends

upon three causes, which I have denominated predisposing ; viz., an

over-ripe condition of the fruit
;
extremes of temperature combined

with moisture, (the effect of which may be seen in apples that have

been allowed to remain for a few days upon a lawn in autumn) ; and

lastly, a loose aggregation of the cells of the parenchyma : fruit so

predisposed passing to decay much more rapidly than such as is of

an opposite nature. Thus the firm hard apple, in which the cells are

closely compressed, opposes much more resistance to its progress,

nor is it so readily subject to its influence.

Let us now examine the Fungus, or rather, I should say, Fungi,

for several species concur frequently in producing the same phenome-
non. Two of these I have succeeded in tracing through several stages

of their development. In the earliest state in which I have noticed

them they consist of innumerable ramified filaments, of extreme mi-

nuteness {thallUtS), which, when closely examined, appear to be annu-

lated within the outer sheath, so as to convey the impression that they

are in reality Conferva and not Fungi, a view which I should unhesi-

tatingly have adopted, had I not succeeded in tracing the development
of these annulated filaments further. In the second stage of their

growth, the filaments are seen to have undergone a considerable in-

crease in size, and the annuli are no longer visible. In the next

epoch of their development, the ramified filaments {thallus) may be

observed to take their origin from the lower portion of a filament
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much longer than any of the others, and which is, in fact, to be re-

garded as the stem of the plant, of which there are usually many thou-

sands in a single decayed apple or pear. During these three stages

of their growth, the Fungi are wholly within the body or mesocarp of

the fruit, and have usually no direct communication with the external

atmospheric air, from which they are separated by the epicarp or skin;

but in their fourth and final condition, a portion of each Fungus be-

comes external, and they can only become so when either the skin

has been ruptured by violence, or deteriorated by the process of de-

composition. This external portion is the proper plant, and consists

of a long stem, bearing at its extremity the reproductive portion of

the plant, which assumes various forms indicative of the species. The
ramified filaments therefore, which are the first parts formed, are the

roots, or organs of nutrition of the Fungi. Now, I have no doubt

whatever, that the external portions of the majority of those Fungi
which develope themselves on the surface of fruits, have been figured

and described ;
but their internal relations and effects, so far as I am

aware, have escaped notice : and these appear to me to be exceed-

ingly interesting.

Two enquiries of much interest still demand our consideration :
—

the first relates to the manner of the entrance of the Fungi within the

fruit ;
the second, to the cause which determines the precise period of

their development.

There are two ways in which I conceive it possible that the sporules

of the Fungi might have gained admission into the fruit, or, what is

nearly the same thing, into the fruit-tree :
— either by the stomata on

the surface of the fruit and plant ;
or by means of the roots, the soil

containing the reproductive bodies, the presence of which in it being
accounted for by the decay of fruit on the earth beneath the tree.

The causes which determine the precise period of the development
of the Fungi, are involved in mystery almost as impenetrable as those

which regulate their reproduction. They would appear, however, to

be,
—

injury to the fruit, its condition, and variations of temperature,

especially combined with moisture
;
the latter being a predisposing,

and the two former, exciting causes of development : although the

exact manner in which injury to fruit acts, as such, is not very clear,

but is possibly thus. The injury to the fruit occasions the rupture of

some of the cells of the parenchyma, and the effusion of their con-

tents
;
a decomposition is brought about, amidst which the Fungi

find the combination of circumstances essential to their growth and

sustenance.
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Whether the explanations offered of the mode of entrance of the

Fungus within the fruit, and of the causes of its developing itself co-

temporaneously with injury, shall be deemed satisfactory or not, I

cannot say ;
but I would utterly repudiate the doctrine of spontane-

ous generation, as affording any solution of the difficulty. Because I

cannot offer rational explanations of certain phenomena, shall I con-

tent myself with such an irrational and irreligious theory as that which

supposes that inert and unorganized atoms can endow themselves with

organization, the most complex, form, the most beautiful, adapta-
tion the most perfect ? — and further, that when they have done these

things, they can bestow upon themselves motion, and that vital breath

which God himself is declared to have breathed into the nostrils of

man ? Surely not !

Further Observations upon the decay of Fruits, more especially of
such as belong to the Apple and Peach tribes. By Arthur
Hill Hassall, Esq.

Read November 16, 1842.

In the paper which I had the honour of reading to the Microscopic

Society, at their last meeting, entitled
' An Explanation of the causes

of the rapid decay of many fruits, more especially of those of the

Apple and Peach tribes,' the question was raised, whether the Fungi,

the presence of which in decayed fruits the microscope reveals, were

to be regarded as a cause of the decay, or only an effect ; and it was

concluded, mainly from the circumstance of the decay attacking sound

fruit, in which the vital principle was strong, and which, therefore,

could not be the subjects of any known law of chemical decomposi-

tion, that they were not the effect, but a cause, the chief one, indeed,

of that peculiar form of decay to which fruits are liable, and which

so speedily brings about their entire destruction.

Satisfactory as this explanation doubtless is, that the decay ori-

ginates in the growth of the Fungi, I now wish to bring forward still

more conclusive evidence of the influence exercised by the Fungi in

producing decay, and this, too, of a nature which all will at once be

able fully to appreciate, as it consists in the fact of the decay being

communicable, at will, to any fruits of the apple and peach kind, no

matter how strong their vital energies may be, by the simple act of
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inoculation of the sound fruit with a portion of decayed matter,

containing filaments of the Fungi.

Although it might safely be concluded, by the light of reason, that

if the Fungi were really the cause of the decay, they would repro-

duce this decay, when introduced into sound fruit
;
—

yet I was

hardly prepared for the marked and rapid changes which fruit thus

inoculated undergoes. In twenty-four hours from the introduction of

the decayed matter, if the apple or pear employed in the experiment
be at all of a soft consistence, the effects become manifest ; a softness

and discolouration taking place around the spot which contains the

decayed fruit, mixed up with minute filaments of the Fungi; and this

softening and discolouration will often extend, in the course of three

or four days, over more than an inch of the circumference of the apple
or pear, progressing unceasingly until it has involved the entire fabric,

the decay developing itself in exact correspondence with the growth
of the fungi, so that in a few days, or weeks, a complete disorganiza-

tion of the fruit is effected by the silent and unperceived operation of

an agent, apparently weak and insignificant, but which annually de-

stroys vast quantities of various descriptions of fruit.

It signifies but little what be the decayed matter used for this inocu-

lation, provided the filaments of the Fungi be present in it. So that

if we inoculate an apple writh a portion of decayed pear, the result of

the experiment will be the same as it would have been had the decay-
ed material been of the same nature as the fruit inoculated ; and we

may use with success the sporules of such Fungi as are observed

to develope themselves on the surface of injured fruit, but in this

case, the decomposition does not set in so quickly, requiring many
days to elapse before any very decided change is visible. In order

to ensure the success of the trial of inoculation, it is advisable to

raise lightly the epidermis of the fruit, the subject of the experiment,
and remove a small portion of the parenchyma, supplying its place
with the decayed matter.

In the communication already referred to, it was suggested that the

sporules of the Fungi might have entered the fruit, either by the

stomata on its surface, as well as those of the tree generally ; or, by
the termination of the root, the soil containing the reproductive bodies.

It is manifest, however, from the fact that a simple bruise, which does

not impair the integrity of the epidermis of the fruit, has, but in one

instance in which I have made trial, given rise to decay ; and that

sound fruit, the cuticle of which has been ruptured, if kept from de-

cayed fruit, is long in becoming affected, while that wThich is placed
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near affected fruit soon becomes similarly involved : that the entrance

of the sporules of the Fungi is generally, if not always, through the

ruptured epidermis. However, I am not inclined at present to dis-

card the notion of the entrance of the sporules by the stomata and

spongioles.

A gentleman asked me, at the last meeting of the Society, if I could

inform him of any plan by which the decay of fruit could be pre-

vented
;
and the only reply which I was then able to make was, that

I had hitherto thought only of the cause of the disease, but that the

next thing would be to seek for a remedy. I believe that I can now,

however, give a more definite answer to the question ;
for I consider

that any preparation, so covering the surface of the fruit as to exclude

it from contact with the atmosphere, would prevent the development
of the Fungi, and the preparations which I would recommend for this

purpose, are solutions of shell lac, sealing-wax, or mastich in spirits,

or a compound of shell lac, borax and water, the proportions being,

of water, I lb., shell lac, ^ lb., and borax, 2 ounces.

In support of this statement, I would refer to the well-known facts

of the impossibility of decomposition taking place, or vitality exist-

ing, without the influence of an atmosphere of some kind or other ;

and that at least one of the preparations above referred to does pro-

tect the surfaces of fruit from the atmosphere, we have practical evi-

dence in one of the apples now before us. This apple was first

covered with a varnish of sealing-wax, and subsequently inoculated,

but the innoculated spot, be it observed, has not gone on spreading

with one-tenth the rapidity with which it would have done, had the

apple not been thus coated. It is probable that very many weeks will

elapse before the Fungi entirely destroy this fruit, if they even then

accomplish this end.

The carrying into effect of any one of the processes above referred

to, would certainly be attended with some expense and trouble, but

this, in the case of valuable dessert fruit, would be a consideration of

but little consequence ;
and I do not doubt that some less expensive

preparations might be thought of, which would answer the purpose

equally well. It might be worth while to make trial of lime for the

preservation of fruit ; the apples or pears being placed in boxes filled

with it. My present object, however, is to dwell chiefly upon the

condition necessary to effect the preservation of fruit, viz. the ex-

clusion of air ; for this being clearly understood, the means of doing

so are more likely to follow as a result.
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Expressing a hope that, at least, one of the plans suggested may
be found to answer the end in view, of saving the vast amount of

fruit annually destroyed by the Fungi, I take my leave of a subject

which, if it be attended with no other result, has, at least, afforded me

very much pleasure in the investigation ; some portion of which I

have endeavoured to communicate to the members of the Microscopic

Society.

Observations on the production of Decay in Fruit, by means of

Fungi—continued. By Arthur Hill Hassall, Esq.
Read December, 1842.

But few persons, I imagine, who have given the statements already

adduced an attentive consideration, will be disposed to question the

power possessed by several species of Fungi of originating decay in

fruit. Should there however be such persons, the fact that decomposi-

tion may be produced by the introduction of Fungi into apples while

growing upon the tree, and still the recipients of its nutritive sap,

must be sufficient to convince even those of the extraordinary and

independent influence exerted by various Fungi in occasioning decay
in sound and living fruits.

The experiment of inoculating fruit, while it maintains its vital

connexion with the tree, which may be regarded as the experimen-
tum crucis— the test and crowning proof of the power of these atoms

of creation in destroying fruit,
— has proved as successful, and its in-

fluence as marked, as in my former paper I stated inoculation to have

been in fruit removed from the tree ;
the only effect which the great-

er firmness and vitality possessed by the fruit upon the tree seems to

produce, is that, perhaps, of slightly retarding the progress of the

decomposition.

In a paper read at the last meeting of the Society, it was stated

that decay might be produced in sound fruit, at will, in two ways ;

either by the introduction of the filaments of the Fungi contained in

most decayed fruit, or by means of the sporules themselves ; but that

when the latter were introduced, a much longer time was requisite for

the development of the effect of the inoculation, than was required

by the filaments, and this for an obvious reason : in the one case the

smaller filaments of the Fungi have advanced several stages in their

growth, while in the other, the sporules have yet to pass through
the several stages of development. Now, decay likewise takes place

naturally in these two ways, but the filaments, however, require to

K
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In: in actual contact with the sound fruit, in order to occasion its

contamination, which they must do by penetrating through the cuticle,

which thus appears to be an inadequate provision for the protection

of fruit from the inroads of these insidious destroyers ; whereas it is

not necessary for the sporules to be placed in contact with the fruit,

for they can act, in producing decay, at a considerable distance from

their source, the atmosphere being the medium of their dissemination.

In a practical point of view, it is useful to bear in mind this dis-

tinction, for it affords an explanation of the reason why apples, and

other fruit, when not allowed to touch each other, become affected

with decay, more than when heaped up. Experience has long taught
the wisdom of this practice, although but few, if any, could have

explained from what cause its beneficial results proceeded.
In the paper already referred to, it is stated, that it was conceived

that the introduction of the Fungi very generally, if not always, took

place through the ruptured cuticle. I am now, however, certain, that

they find admittance, in many cases, where ho rupture or disorganiza-

tion of the skin can be discerned
;
but the way in which they do so is

not very clear, though probably it is by insinuating themselves between

the cells of which the cuticle is composed, or, perhaps, by means of

the stomata, where they are present ; but, as far as I can ascertain,

these organs are but rarely, if ever, present on the surface of the

fruit. If they are ever present, the sporules, without doubt, from their

excessive minuteness, could readily obtain admission through these

natural apertures.

I have here an apple, the history of which is peculiar. Some time

since a portion of the parenchyma was purposely bruised, without any

rupture of the cuticle being permitted, in order to ascertain whether

this treatment would give rise to decay. It did not, however ; and

many weeks afterwards an opening was made through the skin into

the bruised portion of the fruit, and the apple allowed to remain for

a few minutes in the neighbourhood of other fruit affected with decay ;

it was then placed beneath a small glass jar, under which it remained

until disturbed for the purpose of being exhibited to the Society.

Its structure is now wholly disorganized, and its surface covered

with two species of Fungi, belonging, probably, to different genera ;

the one of which has made its way to the interior of the fruit, princi-

pally through the opening purposely made
; the other, however, has

made many openings for itself.

I may observe, in conclusion, that the peculiar softening and dis-

colouration which it is well known medlars undergo, before they are
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considered fit for the table, is, as I have ascertained by microscopic

examination, to be regarded, as Dr. Lindley has suggested was pro-

bably the case, as an instance of true decomposition from chemical

causes ; while, on the other hand, I strongly suspect, that the rapid

decay which the orange, lemon, &c. frequently undergo, is the result

of the operation of minute Fungi.

Somefurther Observations on the Decay of Fruit.

By Arthur Hill Hassall, Esq.

Read April 19, 1843.

In the first paper in which I introduced to the notice of the Society

the subject of decay in fruit, I endeavoured to explain the phenomena
of that form of decay to which fruit is so liable, without reference to

the Fungi which I regard as originating that peculiar form ;
and I did

so, first, by a consideration of the well-known principle, that a body
in the act of decomposition is capable of communicating, by a kind of

induction, decomposition to other bodies with which it is in contact,

a principle which Liebig has elaborately illustrated, and adopted to

explain the various phenomena of fermentation and decomposition,
but which I considered to be inapplicable to the general form of de-

composition occurring in fruit, principally from the circumstance of

its attacking fruit when in a highly vital condition, and when, as a

consequence, it could not be supposed to be the subject of any spon-
taneous or chemical disorganization.

Dr. Lankester, however, at the last meeting of the Society, seemed

to consider that Liebig's views did afford a sufficient explanation of

every example of decay occurring in fruit
;
and he stated in support

of these views, that an apple, once removed from the tree, was no long-
er to be regarded as in a vital state, but that it immediately became

subject to a species of fermentation. Now I know not what may be

the authority for this statement, but I cannot help doubting its accu-

racy, since it is possible to preserve fruit free from all visible deterio-

ration, for many months after its removal from the tree. However,
for the sake of argument, supposing this, as well as Liebig's views, to

be correct, neither would account for decomposition induced by the

introduction of the filaments of the Fungi contained in decayed

matter, while the fruit maintained its connexion with the tree, and

respecting the vitality of which there could be no second opinion :

nor would they explain the reason why decay commences in a spot,

K 2
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which gradually extends itself over the surface of the fruit, and does

not at once involve its entire substance and fabric. All that Liebig's

theory can do, is to supply an explanation of the cause of the exten-

sion of decay after the direct introduction of decayed matter ;
and

this only provided the fruit inoculated no longer possessed vitality.

I showed also in the communication referred to, that the mere bruis-

ing of the parenchyma of the fruit, or its exposure to the contact of

air, would not in itself give rise to decay; and thus, having been un-

able able to find any sufficient cause which would explain all the

phenomena of decay in fruit, I was then compelled, as I am at pre-

sent, to have recourse for a satisfactory explanation to the operation
of entophytal Fungi. At the same time, I fully recognized the exis-

tence of a second form of decomposition in fruit, this being compa-

ratively of rare occurrence, and the result of the operation of chemical

affinities, vitality having ceased. To this form the views of Liebig

may, perhaps, with propriety, be applied in some cases.

Since the last meeting of the Society, I have repeated the experi-
ment of inoculating fruit with the sporules of the Fungi, and with

the same success which attended the former experiment ;
but I have

failed in inducing decay in sound fruit, by the introduction of de-

cayed matter destitute of Fungi in any state. Not, however, but

that this effect might ensue in some cases in which the vitality of the

fruit was either totally destroyed, or at all events much enfeebled
;

but were it an invariable consequence of its introduction, this would

not in any way affect the truth of the statement made relative to the

independent power possessed by Fungi in originating decay : and even

if they were proved not to do this, they would still be of as much im-

portance in a practical point of view as ever, since when inserted into

fruit which is undergoing spontaneous decay, these insidious destroy-

ers will produce marked and rapid effects, and speedily ensure its

complete destruction.

In conclusion I may state that the apples employed in the two ex-

periments were of an exceedingly firm description ; and that an equal

number was inoculated with the sporules and with decayed matter.*

* In the ' Annals and Mag. of Natural History
'

some further observations will be

found in proof of the powers possessed by Fungi in destroying the living and healthy

vegetable fabric. In this communication it is stated that the " thallus
"

of a minute

Fungus was introduced into different portions of various kinds of vegetables, in all of

which decay was induced by its development, the extent of injury being greater or less

according as the plant subjected to the experiment was of a cellular structure, or

otherwise.
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XIX.— On the Structure of the Shells of Molluscous and Conchife-
rous Animals. By J. S. Bowerbank, Esq., F.R.S., &c.

Read January 18, and November 15, 1843.

The results arising from an examination of the organic tissues of

the Corallidae, published in the *

Philosophical Transactions,' part 2,

1842, p. 215, suggested to me the idea of pursuing a similar course

of researches into the nature and origin of the testaceous coverings

of molluscous and conchiferous animals, in the hope of being able, in

some slight degree, to add to the present amount of knowledge of the

origin and development of these curious animal structures. The ex-

istence of organic cells and vessels in the tissues of the Spongiadae,

and in the bony skeletons of the Corallidae, naturally induced a be-

lief that in the testaceous coverings of the still higher classes of or-

ganized beings, these primary organic tissues would be developed in

a more marked and determined form, and that it might eventually

prove that the ingenious doctrine of the origin and mode of increase

of shells,
— first promulgated by Reaumur, and adopted by a great

majority of subsequent naturalists up to the present time,
—would be

found in some degree incorrect, and that instead of being excremen-

titious, unorganized and crystallized bodies, we should find the origin

of these parts of the animal, and their mode of increment, to be in

accordance with those laws of vital origin and increase which are so

beautifully developed, by the aid of the microscope, in the bony ske-

letons of animals both above and below them in the chain of created

beings. With these views I commenced my researches, early in the

spring of 1842, by a careful examination of the young cartilaginous

lips of the common garden-snail (Helix aspersa), and subsequently

by an examination of the structures of numerous species of adult

univalve and bivalve shells, by maceration in weak solutions of hy-
drochloric acid, and by other modes. I will not trespass upon the

patience of my readers by entering upon a minute detail of the facts

arising out of each of these examinations, but confine myself to a

description of the general results arising from them.

Reaumur, and subsequent writers upon this subject, entertained the

idea that the periodical additions to the lips of the shells of land-

snails were effected at the will of the animal in the following manner.

In the first place, the snail caused an exudation of a thin stratum of

coagulable lymph from the surface of its mantle, which, being united
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to the edge of the old lip of the shell, and becoming indurated by
the action of the air, formed a cartilaginous mould and basis upon
which the calcareous matter was to be ultimately deposited. The

carbonate of lime thus destined to afford strength and substance to

the new shell, it was believed, was secreted in the foot or mantle of

the animal, whence it was poured forth, and applied mechanically to

the surface of the membrane, layer after layer being thus deposited
from within, until the shell became of the required degree of thick-

ness : thus supposing a perfectly mechanical or crystallized arrange-

ment of the earthy matter of the shell. And in the latter of these

errors naturalists were confirmed by the Compte de Bournon's inves-

tigations of shelly structures, described in the last four chapters of

his ' Traite de Mineralogie,' and figured in his plate 1.*

I have not had an opportunity of repeating with sufficient care the

observations made by Reaumur upon the animal during the progress

of the development of the new lip of the shell, but I believe him to

be correct in his description of the first stage of the process, which is

quite in accordance with the general views entertained by modern

physiologists of the origin and mode of repair of primary membranous

tissues. My own observations on the formation of the new lip have

been confined to a careful examination of the newly-formed mem-

branes, and the results are as follow.

If the newly-formed lip be carefully removed, so as to include a

portion of the shelly matter as well as the membrane, and be put into

* By using an inadequate amount of microscopical power, this learned mineralo-

gist has evidently been induced to believe that the beautiful plates composed of

single series of elongated cells, crossing each other at right angles to their respective

axes, and which I shall hereafter describe in treating of the structure of the univalves,

were the result of crystallization ;
and under this impression he says, page 310,

" Mon
but est de faire voir ici, que ce tet appartient exclusivement a la cristallisation de la

chaux carbonatee. Que l'animal, par les contours de son corps, et les diverses exten-

sions et courbures de ses membranes, a tres probablement determine la forme que ce

tet presente ; mais que, quant a sa nature, c'est un chaux carbonatee simple, cristal-

lisee a l'etat lamelleux et par couches, ainsi que celle qui donne naissance aux depots

cristallins et autres varietes analogues de cette substance. Si on en excepte, en erTet,

les parties dans lequelles une tres-legere dose de gelatine a ete placee par l'animal,

pour y servir de matiere colorante, et y orner, comme telle, la surface d'un tres-grand

nombre d'entre elles, le reste renferme une dose si foible de cette meme gelatine, qu'il

doit etre regarde comme appartenant a une des varietes les plus pures de la chaux

carbonatee : il en existe en realite bien peu, meme parmi les varietes en cristaux

transparens et determines, qui ne soient melangees d'une dose plus considerable de

substances etrangeres.''
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a little water, covered with a thin slip of glass, and examined by
transmitted light with a power of 280 linear, it presents the appear-

ance of a thin, yellow-coloured, horny membrane, thickest at its junc-
tion with the old lip of the shell, and becoming gradually thinner

towards the outer margin. There are an infinite number of minute

globular vesicles scattered over the whole of its surface, which vary

in diameter from 7-5-0-^ to ?&* of an inch, (PI. xiv. fig. 1). These

vesicular bodies are incipient cytoblasts and cells
; for, although in

the early stage of their growth we cannot discern the nucleus, they

may be readily traced through their various stages of development,
until in the larger vesicles it may frequently be observed ;

and the

young cells approaching each other are compressed closely together,

and become the first superficial layer of cellular structure. It fre-

quently happens that in the process of mounting a piece of the young

lip of the shell for examination, a number of the cytoblasts are dis-

lodged from the new membrane. If these be examined with a power
of 600 linear, the nucleus is very distinctly to be seen in the greater

part of them, and the new cells may be observed in various stages of

development, with their accompanying cytoblasts, as represented in

PI. xiv. fig. 3. The completion of the process of the development
of the cellular tissue may be best observed in the immediate neigh-

bourhood of the old lip of the shell, and thence gradually towards

the outer margin of the newly-formed membrane, they may be seen

in all their different stages. While the young cells are detached from

each other, and retain their globular forms, they are perfectly trans-

parent, the secretion of calcareous or other matters not appearing to

have commenced ;
but we frequently observe, in the neighbourhood

of the newly-formed stratum, small patches of cells congregated to-

gether, which are of a deep yellow tinge, and of a semi-opaque ap-

pearance, as if they were separate centres of ossification, arising in

the same manner that we observe in the production of the calcareous

matter in the young cartilages of the bone in the higher classes of

the animal kingdom. Amid the great mass of vesicular bodies des-

tined to form the cells for the secretion of the calcareous deposits of

the shell, we find other cytoblasts dispersed over all parts of the

membrane, which are developed in the form of tessellated cellular

structure, by which means the original membrane is very much in-

creased in substance. This production of tessellated cellular structure

is more particularly abundant where the calcigerous cells are in their

advanced stages of development. If a portion of the newly-formed
stratum of shell be removed from the membrane upon which it reposes,.
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we observe that the horny structure continues to abound in the vesi-

cular bodies in all their earlier stages of growth ;
from which it would

appear that its office is not confined to the production of the first

stratum of calcigerous cells only, but that it is destined to originate

perhaps the greater part, if not the whole, of the calcigerous cells of

the shell, and this appears the more probable, as we may now observe

that the membrane has attained a higher stage of organization) mi-

nute vascular tissue being frequently observed embedded and ramify-

ing amid its structure, and oftentimes projecting from its torn edges.

These vessels are very minute, none of those which I have observed

exceeding T4 ^ 00 . of an inch in diameter. If the uncovered portion

of the membrane nearest to the old lip of the shell be examined with

a power of 500 linear, these minute vessels may be seen in the course

of formation, presenting the appearance of long ramifying lines of

exceedingly minute gelatinous molecules, closely adhering together in

a single series, and frequently appearing cylindrical and tubular in one

one part, while in another they have quite a moniliform appearance,

(PI. xiv. figs. 1 & 2, a). This production of vascular structure by the

arrangement of minute molecules or cytoblasts in single series, I have

frequently observed in the membranous tissues of the Corallidae.*

The occurrence of perfectly developed vascular tissue, at the advanced

stage of the formation of the new lip of the shell which I have

described, is exactly what might have been expected to take place,

as, according to the best authorities, cellular cartilage in the higher
classes of animals is not penetrated by blood-vessels ; but when it

has become filled with bony secretions, they are then found permeat-

ing its structure in every direction. In a similar manner, in the early

stage of development of the shell-structure, we may naturally expect
the same law to prevail, and accordingly we find the newly-formed

cartilage or membrane of the shell abounding in the rudimentary ve-

sicles of the cytoblasts, while not even a trace or indication of the

vascular structure is to be seen in those parts which are nearest to the

outer margin of the new lip.

The linear aggregation of cytoblasts, described as producing the

minute ramifying vascular tissue, is not the only case of this mode of

arrangement which we observe in the young lip of the shell, as we
find irregularly dispersed over the surface of the membrane—and fre-

quently floating in the surrounding water in wrhich it has been im-

mersed for examination—cylindrical bodies, of equal diameters in all

*
See^' Philosophical Transactions,' part 2, 1842, page 220, pi. 17, fig. 2.
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their parts, and composed of a single series of cells, each exhibiting

a distinct nucleus or cytoblast, as represented in PI. xiv. fig. 4.

These bodies are ^vn of an incn in diameter, and vary from y^ to

.^tj. in their length. Upon endeavouring to trace whence these curi-

ous bodies came, I found them embedded in bands, corresponding in

their direction with the lines of growth of the new lip of the shell,

immediately beneath the newly-formed stratum of calcigerous cells,

and the direction of the cylindrical bodies, when not disturbed, being

in lines, which were diagonals to the lines of growth of the shell, and

crossing each other at about right angles,
— a mode of disposition

which we shall hereafter find to be in accordance with the arrange-

ment of the cellular structure in the adult shells. Amid the layers of

well-developed cylindrical bodies, and immersed in the membrane

beneath, I observed a number of faint pellucid lines, disposed pre-

cisely in the same manner as the distinct and well-developed cylin-

ders, and having every appearance of being the incipient state of

those tissues. Upon many of the well-defined cylindrical bodies I

frequently observed cytoblasts or cells in progressive stages of deve-

lopment. These additional cells sometimes appear to be irregularly

dispersed over the whole surface, but are usually developed upon two

sides only, and those opposite to each other. As the tissues which I

have described approach maturity, the periostracum, progressively

advancing from the old lip, covers the new tissues, and the whole be-

comes firm and consolidated like the older portions of the shell.

From a careful examination of many new lips in various stages of

progressive development, I do not think that the whole of the coagu-

lable lymph, of which the new membrane is formed, is exuded from

the surface of the animal at one operation, but rather by a series of

exudations, each of which emerges from beneath the terminal margin
of the last one j for if the membrane be carefully examined from the

line of advance of the newly-formed cells towards its extreme edge,

it will be seen that there are several lines of thickened tissue, which

correspond in distance and appearance with the lines of growth on

the old shell ; and this is the more probable, as I have observed in

young shells which I have taken from their places of hybernation, in

November, that the extension of the lip is still going forward, or ra-

ther perhaps has been so up to the very period of their retirement for

the season.

On proceeding to investigate the structure of adult shells, I selected

for examination thirteen specimens, belonging to the eight following

genera,
—

Cyprcea, Conus, Pyrula, Cassis, Ampullaria, Oliva, Voluta
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and Bulinus. The whole of these agree in the nature of their struc-

ture in the most perfect manner, with the exception of a mode of

arrangement which I shall presently describe. Thin sections of uni-

valve shells, made by the lapidary, and examined by transmitted

light, afforded so little information that I had immediate recourse

to the aid of the Lieberkuhn
; and upon examining in this manner

surfaces fractured at right angles to the outer and inner planes of the

shell, and either parallel or at right angles to the lines of growth, I

obtained a very distinct and satisfactory view of the organic structures

and their modes of arrangement. I will not particularize the results

of the examination of the whole of the thirteen species operated

upon, but select for description Cypraa mauritiana, which, from the

great quantity of colouring matter intermixed with its structures, is

the best adapted for examination by the mode I adopted. Upon
submitting to examination a surface of this shell, fractured at right

angles to the lines of growth, it was found to consist of three distinct

strata, uniform in the nature of their structure, but alternating in the

mode of their disposition. Each stratum is formed of innumerable

plates, composed of elongated, prismatic, cellular structure ; each

plate consisting of a single series of cells parallel to each other.

These plates of cellular structure are disposed alternately in contrary

directions, so that each series of cells intersects the one beneath it at

nearly right angles, and the whole of them are so disposed that the

axes of the cells form angles of about 22 degrees with the upper and

under surfaces of the shell, and present the appearance represented in

PI. xv. fig. 1
, a, as seen with a power of 280 linear, the portion re-

presented being the central and outer layers of the shell. The planes

of these plates of prismatic cellular structure are always either as

nearly as possible parallel, or at right angles to the lines of growth,

and the mode of arrangement is invariable in each separate stratum,

and always opposed to that of the stratum either above or below it ;

so that if the plates of cells in the central stratum be parallel to the

lines of growth in the shell, those of the outer and inner strata are at

right angles to them. When we view the stratum of plates of pris-

matic cells, which are disposed at right angles to those I have just

described, or view them in an edgewise and endwise direction, they

present an appearance remarkably different from that which we have

previously described. In this case the whole of the stratum seems to

be composed of a series of basaltiform columns, each column having

the appearance of being formed of a series of single cells regularly

piled upon each other. This arises from the line of fracture passing
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in a direction about equally oblique to the planes of the whole of the

plates of prismatic cells, (PL xv. fig. 1, b). From this description

of the alternating mode of arrangement of the plates of cells, it will

be obvious that if, on examining a shell, we find a section parallel to

the lines of growth, with the plates of the central stratum agreeing

in their direction with those lines, while those of the outer and inner

ones are at right angles to them, we shall find the apparent direction

of the plates exactly the reverse in each stratum if we view a second

section of the same shell at right angles to the lines of growth. These

modes of arrangement of the tissues are invariable in the same spe-

cies and genus, as far as I have had an opportunity of judging ;
and

it is somewhat remarkable, that of the eight genera examined, four

assumed one mode of arrangement and four the other. Thus, upon

viewing sections parallel to the lines of growth of the shells, I found

that in Cypraa, Cassis, Ampullaria and Bulinus, the plates of the out-

er and inner stratum were parallel to the lines of growth, while those

of the central one were at right angles to them. On the contrary, in

Conus, Pyrula, Oliva and Voluta, the plates of the outer and inner

stratum were at right angles to the lines of growth, and those of the

central stratum parallel to them. And it is worthy of remark, that the

porcellanous shells do not agree in the mode of arrangement of their

tissues, as we find Cypraa opposed to Conus, Oliva and Voluta, and

agreeing with Cassis, Ampullaria and Bulinus.

The production of each stratum appears to be effected in regular

succession from the inner surface of the shell. Upon examining a

young specimen of Ampullaria fasciata, I found that at the extreme

margin, and to about the eighth of an inch backward, there was but

one stratum of cells, the plates of which were parallel to the lines of

growth. At about the eighth of an inch inwards, a new stratum of

cells, with plates at right angles to the lines of growth, commenced,
and rapidly increased in thickness as it receded from the lip, until, at

about half the revolution of a whorl backward, it had attained a

thickness equivalent to about one fifth the entire substance of that

part of the shell
;
and at one revolution backward it was very nearly

equal in thickness to the layer above it.

There are some discrepances in the relative degrees of thickness

of these strata, at different parts of the same shell, which are inte-

resting, and from which it may be inferred that absorption, as well as

secretion, probably takes place in these structures according to the

necessities of the animal.

Upon measuring the relative degrees of thickness of these strata



130

at different parts of the same shell, I found the following variations

The thickest part of the stratum of plates near the mouth of the

young Ampullaria, which were parallel to the lines of growth, may
be represented by the figures 25. At half the revolution of a whorl

backward, the same stratum was represented by 20, while the new
stratum beneath it measured 13; total 33. At a whole revolution

backward, the upper stratum measured 18, and the lower, or new one,

20 ; the older of the two thus appearing to decrease gradually in

thickness as the younger grew in substance.

Upon examining, in a like manner, an adult specimen of Bulinus

oblongus, the proportions of the strata near the lip were as follow:—
outer 10, central 14, inner 17

;
total 41. But at one revolution they

were—outer 5, central 5, inner 19
;

total 29.

In a great many univalves a remarkably rapid absorption of the

shell may be observed at about one revolution and a quarter backward

from the edge of the lip, and this appears to have been effected in

such a manner as generally to leave the involved whorl, where but

little strength is required, of a substance not much exceeding that of

writing paper. The portion of shell left is that which forms the inner

surface ;
the whole of the outer and central strata, and the outer part

of the inner one, being removed. Jf a piece of this thin shell from a

Conus be examined by transmitted light, with a power of 280 linear,

we obtain a very beautiful view of the elongated prismatic cells, and

of the manner in which they frequently unite with each other, as re-

presented by fig. 2, PI. xv.

In all the recent univalve shells which I have examined, the pris-

matic cells appear to be filled with a solid mass of carbonate of lime.

When they are fractured across their axes, as represented at PI. xv.

fig. 2, a, they do not present such surfaces as might naturally be

expected from crystallized bodies, but have an uneven, rough, and

somewhat spiculated appearance. Upon examining these organs

from the inner surface of a fossil ( Voluta nodosa) from the London

clay, I found that when broken at right angles to their axes, they re-

solved themselves into exceedingly minute fibres, so that each broken

end resembled a worn-out camel's-hair pencil. If these pencil-like

ends be crushed in a little water, on a slip of glass, and viewed by
transmitted light, with a power of 1000 linear, we find innumerable

transparent filaments, which appear to have a cylindrical form ; but

this point cannot be determined with certainty, from their extreme

minuteness. They vary in size
;
but one of about the average dimen-

sions, which I measured, was the 30 ooo of an inch in diameter, and
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many of them were not above half so large. Among these spicular

bodies there were small 'fragments of plates, formed of similar minute

fibres, disposed across each other at right angles, so as very much to

resemble a piece of fine linen. I could not ascertain whence this

curious tissue came, but from its frequent recurrence in the field of

the microscope, there can be no doubt of its being a portion of the

regular organic tissue of the shell. I have never found more than

three strata of plates in any univalve, nor in any part of the same

shell, however old or thick it might be. I examined the lip of a Cas-

sis tuberosum, which was half an inch in thickness, while the adjoin-

ing portions did not exceed one-tenth of an inch in substance. The

great thickness of the shelly matter in the lip was produced by the

extension of the outer and inner strata, while the intermediate one

was but little increased in thickness ;
and the elongated cells, of which

the plates are composed, retained in each stratum their proper direc-

tions and modes of arrangement. In another case, at half an inch

within the lip of a very thick shell of Strombus gigas, although it ap-

peared to the eye as if there were as many as five or six distinct

layers of shell, yet, upon examination beneath the microscope, there

was but one stratum, exceeding half an inch in thickness, and in this

all the plates were parallel to the lines of growth in the shell.

The structures, and their peculiar modes of arrangement, which I

have already described, are those which are common to the great mass

of univalve shells; but there are other forms of tissue belonging to

this division of our subject, to which I must now direct the attention

of my readers, and which vary in their characters to so great an ex-

tent from the larger number of univalves, and approach in the ar-

rangement of their cells and other tissues so nearly to the majority of

bivalve shells, as to render it advisable to treat of their peculiarities

at a point in our investigation as it were midway between the two

great divisions of our subject. The shells which best illustrate these

structural peculiarities are those which belong to the genus Haliotis,

and the one which I have more particularly made the subject of my
researches is Haliotis rubra of Lamarck. If we examine a surface

fractured at right angles to the inner and outer planes of the shell, as

an opaque object, by the aid of the Lieberkuhn, with a power of 300

linear,
—whether the fracture be parallel to the lines of growth, or at

right angles to them,—we observe no oblique disposition of prismatic

cells such as prevails in all the other genera of univalve shells that I

have described
;
but in either case a regular basaltiform columnar ar-

rangement of cells, whose lines of direction are at right angles to the
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outer and inner surfaces of the shell. Upon subjecting fragments of

the shell to the action of dilute hydrochloric acid, until the whole of

the carbonate of lime was removed, I obtained an abundant residuum

of animal matter, which consisted of a scries of fleshy membranes

adhering to each other, and having their planes parallel to the sur-

faces of the shell. If the dissolution of the shell in the acid and

water be stopped when there is but an exceedingly thin plate of it

remaining, and the membranous matter in which it is enveloped be

carefully removed from the surface by gently rubbing it between the

finger and thumb, and it be examined, immersed in water, by trans-

mitted light, with a linear power of 700, it presents the appearance

represented at PL xvi. fig. 1. The calcigerous cells, filled with car-

bonate of lime, are observed closely packed together, and in the cen-

tre of the area of each we observe an indistinct grouping of points,

as if these were the remains of cytoblasts ;
and this I am the more

inclined to believe to be the case, as we observe, although more indis-

tinctly, the same appearances in the animal remains of the cells

which are preserved in the fleshy membranes after complete solution

of the earthy matter contained in them had been effected by the con-

tinued action of the acid. It is not easily to be determined whether

this curious appearance within the areas of the cells be due to the

presence of cytoblasts, or to other causes, from the extreme minute-

ness of the cellular tissue, which does not upon an average exceed

^ sVb of an inch in diameter. Numerous canals are observed traver-

sing amid the cells in every possible direction. Their courses are

tortuous, and seldom in a right line for any considerable distance.

Sometimes they are seen pursuing their way for a short space parallel

to the natural planes of the shell, but they are usually disposed in

lines more or less oblique to these surfaces
; and, under such circum-

stances, a section of them at nearly right angles to their axes may be

observed in all parts of the fragment of shell under examination, as

represented at PI. xvi. fig. 1, a a. The best view of these organs is

to be obtained by an examination of the membranous matter of the

shell when totally deprived of the carbonate of lime. In this case

we observe them permeating the tissues in every direction, and pre-

senting an appearance exceedingly like that of the same description

of organs as they exist in the oyster, and which are represented in

PI. xvi. fig. 5. At the first view these canals may readily be mistaken

for vessels, as their parietes are lined with a thick coat of gelatinous

matter, but which is not always of uniform thickness like the parietes

of a true vessel. Upon a careful examination of the undisturbed
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parts of the membranes obtained by maceration in acid, I could not

detect any portions of the supposed vessels projecting from their sur-

faces, or floating freely amid the tissues, in the same manner that we

may observe so commonly amid the membranes of the Corallidse

when treated in a similar manner. In a single instance, at one of the

torn edges of the membranes, I saw a very small piece of the gelati-

nous tube projecting from the fractured edge; and this fragment pre-

sented no clear and definite outline, such as we always find in disen-

gaged vessels, but the same irregular and gelatinous appearance that

is seen in these organs when in situ. The canals do not preserve the

same diameter throughout their courses, but occasionally expand to

twice their average dimensions, and again contract to their original

size. The diameters of these organs vary from -

50Vo to r£rv °f an

inch ;
and one of the latter size which I measured expanded at one

part of its course to xvvn °f an inch, but this amount of dilatation

is not of frequent occurrence. The thickness of the gelatinous lining

in one of the large-sized canals was -z-nTrrrts of an inch, and in one of

the smaller ones 3 o£ 00 of an inch.

From the whole of the characters presented by these curious canals,

I am strongly induced to believe them to be the Haversian canals of

the shell. Like the Haversian canals in the bones' of the higher

classes of animals, they anastomose with each other, and especially in

Ostrea, which we shall presently describe : their courses are equally

tortuous and irregular, and their parietes are both lined with a mu-

cous or gelatinous coat. It is true, the Haversian canals in the bones

of man are on an average T£-s- of an inch in diameter, while those of

shells are raVg or 6 ere o °f an mcn
'>
but their diminutive size in the

shell is not out of proportion when we consider the difference in the

size of the animals. There is another tissue apparent in the structure

of this shell, which draws still closer the alliance which exists be-

tween it and bone. If we examine the membranous remains by
transmitted light, with a linear power of 1000, we find embedded, in

the spaces intervening between the sections of the canals, an abun-

dance of the remains of exceedingly minute vessels or elongated ca-

vities, which measured ^is-sos °f an incn ^n diameter, and which are

either the remains of minute inter-cellular vessels, or of cavities ana-

logous to the so-called corpuscular bodies of true bone
; and here

the discrepancy in the size of the organs is not so great, as one of

the smallest of the bone-corpuscles measured ^ 3 1 6 of an inch, while

one of the calcigerous tubes radiating from it was
^-j-f-s-g-

°f an incn

in diameter.
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The structural arrangement in bivalve shells appears to be subject
to a greater degree of variation in different genera than we observe to

be the case among the univalves.

Modiola papuana, when fractured parallel to the lines of growth,
and viewed as an opaque object with a Lieberkuhn, and a power of

150 linear, exhibits, on the interior surface, a thin stratum of columnar

basaltiform cells, at right angles to the natural surfaces of the shell,

while the upper surface appears dense, uniform, and apparently coin-

posed of numerous thin laminae, parallel to the natural planes of the

shell. In a fracture at right angles to the lines of growth, the co-

lumnar arrangement could not be distinguished, probably from its

being composed of plates of elongated cells having their planes pa-
rallel to the fractured surface. In Area Note, when fractured parallel

to the lines of growth, we observe plates of prismatic cells crossing

each other at right angles, and very closely resembling the mode of

arrangement of the prismatic cells in the greater number of univalves.

On examining Venus decussata, I found two distinct modes of ar-

rangement to prevail. From the inner surface towards the outer one

about half the substance of the shell is composed of numerous, thin,

membranous, and calcareous strata, which exhibit a dense, uniform

structure, when fractured either at right angles or parallel to the lines

of growth, but which are readily separated by maceration in weak

hydrochloric acid. The outer half of the substance of the shell,

when fractured in the direction of the lines of growth, presented the

appearance of numerous, basaltiform, columnar series of cells. When
fractured in a contrary direction, this stratum proved to be composed
of plates of elongated prismatic cells, having their planes at right an-

gles to the surfaces of the shell
;
the lines of cells nearest to the

outer surface curving outwards, and those adjoining the inner one

curving inwards, so as to form fan-shaped plates of single series of

cells, crossing the lines of growth edgewise. This mode of arrange-

ment of the prismatic cells is not peculiar to Venus, but is found also

in other genera of bivalve shells. In the fragment of a large fossil

bivalve, which I took from the gault formation of Eastwear Bay, near

Folkestone, I found them in a peculiarly favorable state for examina-

tion, as the whole of the piece of shell separated readily into single

plates of fan-shaped structure, which exhibited this organization in a

very beautiful manner. Upon examining these plates when immersed

in water, by transmitted light, with a linear power of 300, I observed

that they were furnished with a vast number of canals, which appeared
to be of a similar description to those occurring in Haliotis, Ostrea,
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and many other shells. They are in the greatest profusion at the ex-

panded end of the fan-shaped plate, and, towards the extreme edge,

are so thickly disposed, and so tortuous in their course, as to render

it exceedingly difficult to follow their lines of direction with the eye.

At a short distance from the expanded edge of the plate, towards the

pointed base, they are less tortuous in their course, are loosely

grouped in bundles of three or four together, and approximate to-

wards straight or slightly curved lines, as represented at PI. xvi.

fig. 2, a a. They are not continued towards the pointed base more

than a fifth or a fourth of the length of the plate, but usually termi-

nate abruptly in a ccecoid form, without the slightest previous dimi-

nution of their diameters. They do not often divide or anastomose,

excepting near the expanded end of the fan, but at that part of the

plate these occurrences are frequent. In the spaces between the

bundles of canals, in some of the plates, near the broad end, there

are numerous detached groups of convoluted canals, apparently of

the same description of organ as the longitudinal bundles, but not

emanating from or in any manner connected with them; and in other

plates I found another modification of these curious organs, in the

form of numerous, short, straight canals, which are disposed at right

angles to the longitudinal ones, and, like the convoluted variety, have

no connexion with them, as represented at PI. xvi. fig. 2, b b. Up-
on carefully measuring the canals, I found the longitudinal ones

r4 | B a of an inch in diameter, and the short transverse ones ar ^ oa .

In Unto, when fractured at right angles to the natural planes of the

shell, we find immediately beneath the periostracum a thin stratum

of large cells, having their axes at right angles to the natural surfaces.

Immediately beneath these is a series of thin plates, which pass back-

wards in a diagonal direction towards the inner surface of the shell,

where they terminate. Each of these plates is composed of an infi-

nite number of polygonal tessellated cells, filled with carbonate of

lime. The same tessellated cellular structure prevails in Mytilus.

The cytoblasts may be occasionally observed in the detached cells of

both shells, and especially in the latter, when viewed by transmitted

light, with a power of 1000 linear. The shells from which I obtained

the tessellated cells in the greatest perfection, were the fossil Unios

from the fresh-water formation of Grays, in Essex, and from speci-

mens of Mytilus found in a very recent diluvial deposit at Brackle-

sham, Sussex. In these the animal matter has been decomposed to

such an extent as to leave them in an exceedingly fragile state, and

it is from specimens in such a condition that the best idea of the

L
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structure and arrangement of the tissues may be obtained. If we
submit the shell of the common edible muscle to the action of dilute

hydrochloric acid, we obtain the animal matter in the form of a series

of thin membranes loosely adhering together ;
and in these, with a

power of 300 or 400 linear, in many parts of the tissue, we may trace

the developmentof the tessellated cells from the cytoblast upwards, un-

til they are seen closely packed together, and only to be distinguished
from the membrane, with which they have now become incorporated,

by their junctions with each other resembling small patches of reti-

culated structure.*

In Pinna we find another form of cellular tissue, which is perhaps
one of the most beautiful and interesting of all the modes of dispo-
sition of these organs that can be found within the entire range of

conchological science.

If we fracture any tolerably thick species of this genus at right

angles to the natural planes of the shell, either parallel to the lines

of growth or in an opposite direction, and view the surface thus ob-

tained as an opaque object by the aid of the Lieberkuhn, with a linear

power of 150, the structure appears to be entirely composed of elon-

gated prismatic cells, having their axes at right angles to the natural

planes of the shell, and looking exceedingly like regular prismatic

crystals of carbonate of lime. If we separate these prismatic bodies

from each other,
—which may be readily done, by very gently striking

a fractured edge of Pinna affinis from the Bognor rock of the London

clay formation,
— and view the prisms immersed in water or Canada

balsam, by transmitted light, with a power of 500 linear, they assume

an appearance which very strongly resembles that of the fasciculi of

muscular fibres, where the banded appearance of the sarcolemma is

not very strongly marked
;

as a series of fine striae is observed,

crossing each prism at right angles to its axis, at somewhat unequal
distances. These striae are so fine that it is necessary to inflect the

light at right angles to their lines of direction, before they can be

* Mr. Bowman, in his admirable paper on mucous membrane, in the 'Cyclopaedia

of Anatomy and Physiology,' describes the basement membrane, as displayed in the

kidney, as " an extremely thin, transparent and homogeneous lamina, simple and en-

tire, without any aperture or appearance of structure :

" he says also,
"

it readily

wrinkles, and such is its tenuity, that it is sometimes only by the folds thus occasioned

that it becomes visible at all." This description is perfectly applicable to the base-

ment membranes of the shell tissues, whether they be situated in the periostracum,

lining the internal surface of the shell, or distributed in repeated laminae throughout

its substance.
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distinctly seen. In one of these columns, the diameter of which was

•j-J-j,
three of the spaces between the lines which I measured were

T 6 l 6T, T^Tji ana ttts °f an mcn *n width. When several of the

prisms remained attached to each other, the lines on each of the ad-

joining columns were observed to correspond with each other, as if

they were tessellated cells, not only in columnar arrangement as re-

gards each separate prism, but they were also arranged layer above

layer, in accordance with the natural planes of the shell ; and this

we shall presently find is not their true structure. Upon macerating

portions of the recent Pinna ingens, in dilute hydrochloric acid,

I obtained the animal matter of the shell in the form of a series of

elongated cells, which retained their tubular character when in an

undisturbed state, but which readily separated in planes parallel to

those of the natural surfaces of the shell. Each of these layers pre-

sents such an appearance as a thin slice of the honey-comb of the

bee would exhibit, if we were to take a section of it at right angles

to the axes of the cells. If the maceration of the piece of shell in

the weak solution of acid be arrested before the whole of the earthy

matter has been dissolved, there is frequently a portion of carbonate

of lime remaining within many of the cells, which illustrates, in a

very striking manner, the nature of the structure and contents of these

beautiful tissues. The cells have not uniform diameters, but some

terminate with a point before they reach the outer or inner surfaces

of the shell, while others extend through the whole intervening space.

Neither is the number of angles constant, as in a circular space, -jS

inch diameter, I found they varied in this respect from three to nine.

If a fragment of the thinnest part of the shells of Pinna ingens or

saccata be examined by transmitted light, in a little water between

glasses, and with the inner surface towards the eye, the mode of ar-

rangement of the cells will be displayed in a very satisfactory manner ;

and if the power applied be not less than 500 linear, a very beautiful

reticulated system of vessels may be frequently observed occupying
the angles formed by the terminations of the cells, at the natural sur-

face of the shell, as represented at PI. xiv. fig. 6, a. Sometimes a

portion of the vascular structure is destroyed, as represented in the

figure, and the disrupted ends of the vessels are frequently seen pro-

jecting partly across the areas of the network, but the courses of the

tissues thus removed may be readily traced by a depressed line, which

indicates the directions of their embedments. In other cases the ves-

sels are not so readily to be seen, as there is frequently a rude gelati-

nous-looking network spread over the vascular structure, filling up

l2
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and obscuring the angular junctions of the cellular structure beneath,

as represented at PI. xiv. fig. 7, b b ;
but it is often the case that

portions of this envelopment have been removed, and the vessels run-

ning beneath it are then readily to be seen, as at PI. xiv. fig. 7, a a.

Upon tracing these vessels amid the animal remains I obtained by
maceration in dilute hydrochloric acid, I frequently found them dis-

engaged from the angles, and floating freely and unconformably on

the surface of the membrane. This disengagement evidently arose

from a rupture of the vascular system, as upon a close examination

I observed that the vessels apparent at the natural surfaces, are not

the only ones of this description that exist in the shell, but, on the

contrary, that there was a series of these vascular networks, em-

bracing the elongated prismatic cells, and which, impressing the

lines of their courses upon the surfaces, caused the striated ap-

pearance that I have before described as existing upon the prismatic

cells of Pinna affinis. These layers of vascular tissue are connected

with those above and below them by a short vessel which proceeds
from each angle of the several meshes of the network, so that the

whole forms a regular, connected, and beautiful series, layer above

layer, of reticulated vascular structure. When torn asunder in the

direction of the natural planes of the shell, the sides of the cells se-

parate at the lines where they are embraced by the vessels, and the

thin membranes may be seen connecting the layers of vessels in such

a manner as to produce an appearance resembling sections of honey-

comb, at right angles to the axes of the cells (PI. xiv. fig. 8). I have

been unable to detect any diaphragms in the long prismatic cells, at

the points embraced by the vascular tissues, by which they might be

assimilated in some degree with the tessellated cellular structure of

Unio and Mytilus.
Haversian canals are frequently to be seen, especially immediately

beneath the outer surface of the shell.

The disposition of the cells in the genus Ostrea is widely different

from that in Pinna, and in the genera which I have before described ;

the whole shell consisting of alternating layers of fleshy membrane

and cellular structure, which are produced in succession from the

inner surface of the shell. The normal condition of these tissues is

exceedingly like that of the young lip of Helix aspersa.

If we remove the innermost thin laminated portion of the extreme

edge of the shell of a half-grown oyster, and examine it immersed in

water by transmitted light, with a power of 700 linear, we frequently

find the outer margin to consist of a pellucid cartilaginous structure,

1
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in which we see embedded, without any apparent order, and at un-

certain distances from each other, numerous incipient cytoblasts. As
we continue our examination inwards, we find these in all the various

stages of growth, until the partially developed cells are seen assuming
an approximation towards an arrangement, although not yet in actual

contact, and presenting the appearance represented by fig. 3, PI. xvi.

At the bases of many of the cells the cytoblasts are to be seen in

their fullest state of development. At this period the axes of the

cells appear to be at right angles to the plane of the membrane upon
which they are seated, but as they are developed in succession layer

after layer beneath each other, until the stratum is six, seven, or more

cells deep, the outer ones assuming a diagonal direction, their apices

pointing outwards and backwards, as represented in PI. xvi. fig. 4.

As the cells reach their fully developed state, their membranous

structure becomes too thick to allow of a distinct view of the cyto-

blasts which are seated at their bases
;
but in the young and immature

cells these organs are very distinctly to be seen, provided the observer

focuses the bases and not the apices of the cells.

If the fragments of the lamina? intended for examination be torn

off in such a manner as to carry with them portions of the inner sur-

face of the shell, it frequently occurs that this membrane is seen to

be beautifully studded with matured cytoblasts, but without cells

having been developed. These organs in Ostrea are different from

any which I have observed in other shells, in which we usually ob-

serve them to assume either a circular or an oval form, but in this

shell their fully developed form appears to be that of a rhomboid, as

represented attached to the cells in fig. 3, PI. xvi. The membranous

structure which separates each stratum of cells from those above and

beneath it, is thick, semi-opaque, and has a fleshy appearance. It

abounds in Haversian canals, which average q 6 £ 6 inch in diameter.

Sometimes they pursue their courses through this tissue in nearly a

straight line, for a considerable distance, without branching or anas-

tomosing, while in other parts they are tortuous, frequently anastomose,

and throw off numerous short branches, which have coecoid termina-

tions, as represented in fig. 5, PI. xvi., with the cellular structure

imperfectly visible beneath the yellow semi-opaque membrane. The

best mode of obtaining a satisfactory view of these organs is by the

maceration of parts of the shell in weak hydrochloric acid
;
and if

the animal matter thus obtained be carefully separated into laminae,

the canals, and the thin, pellucid, membranous structure of the cells,

may be readily and successfully examined in a fluid medium, by
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transmitted light, with a linear power of 500. Under these circum-

stances the canals may often be seen emerging from between the sides

of the cells, sometimes presenting an abrupt coecoid termination, oc-

casionally ending in a short bifurcation, or pursuing their courses

among them, and occasionally assuming an approach towards a reti-

culated form. This resemblance to a truly reticulated structure may
be distinguished from the interstitial vessels by the greater size of the

tissue, and the incompleteness of the reticulations, which sometimes

pass but a third or a half round a cell or cells, while at others the cir-

cuit is completed, and the branch either anastomoses with the first por-
tion of itself, or abruptly passes downwards between the cells in such a

position, as to render its termination or course exceedingly doubtful.

An interstitial vascular tissue exists in Ostrea, as well as in Pinna,
but it is much more difficult of observation in the former than in the

latter. In a small portion of the inner surface of the shell from near

its junction with the thin laminated edge, I succeeded, with a power
of 1000 linear, in seeing two distinct layers, the one beneath the other,

but I could not discern any short connecting vessels at right angles
to their planes, such as are so readily to be seen in the analogous
vascular tissues of the Pinnce. These vessels are larger but not so

symmetrical in Ostrea edulis as in Pinna, and they are frequently

distended at intervals by an accumulation of gelatinous-looking mat-

ter, as seen in figure 5, PL xiv. which represents a portion of the

interstitial vascular system of the shell of the common edible oyster,

separated by means of weak hydrochloric acid. The vessels which I

have hitherto described are not the only ones which exist in the shells

of molluscous and conchiferous animals, for there is scarcely a mem-
branous film that can be separated from the animal remains obtained

by the maceration of these bodies in a weak solution of hydrochloric

acid, in which exceedingly fine ramifying vessels may not be observed,

provided a sufficiently high power be used in their examination; but

this is absolutely necessary to a successful investigation of their

structures, which requires powers varying from 500 to 1000 linear to

ensure distinct and satisfactory results. After the description of the

tissues already named, it is scarcely necessary to say, that, as a mat-

ter of necessity, there must be a free vascular communication be-

tween the animals inhabiting both univalve and bivalve shells and

their habitations, through the medium of their points of attachment :

but this fact is exceedingly difficult of demonstration ; and, although
1 have used my best endeavours to trace the vessels both from the

animal to the shell, and from the shell to the animal, I have not yet
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succeeded in detecting them in their passage from the one to the other

body, although I have found, at the junctions of the adductor muscle

with the shells, both in Pinna and Ostrea, a layer of most elaborate

and complex minute vascular tissue, and amid this other vessels, few

in number and much greater in size. These vessels were evidently

not those which appertained only to the muscle itself, as they were

found in no other part of it, but concentrated in a single complex
stratum at this point.

The periostracum, in both univalves and bivalves, is as highly or-

ganized as the other parts of the shell ; and in all the species which

I have subjected to examination, it presents every symptom of pos-

sessing a high degree of vitality. If it be removed from the other

structures by maceration in a weak solution of hydrochloric acid,

immersed in water between glasses, and examined by transmitted

light, with powers varying from 200 to 500 linear, it will be found,

in Mytilus, Oliva, Bulla, Cyclostoma, Cypr<ea, and numerous other

genera, to abound in minute ramifying vascular tissues, varying in

abundance, and somewhat in character, in different genera. Some-

times they are seen (especially in the last-formed parts of the peri-

ostracum) in a progressive state of development, the larger trunks

being apparently perfectly tubular in their structure, while the branch-

ing and terminating portions are more or less composed of irregular

moniliform strings of gelatinous molecules, as if the vessels were in

progress of development, in a similar manner to that which I have

described as occurring in the formation and development of the mi-

nute vascular tissues of the Corallidae, in the *

Philosophical Transac-

tions,' part 2, 1842, page 220, pi. 17.

The periostracum possesses also in an eminent degree, both repro-
ductive and reparative powers. In almost every instance that has fall-

en under my observation, it is found to abound in cytoblasts, varying
in their characters in different genera and species. In the greater

number of instances, they do not affect any particular mode of ar-

rangement, but are developed in groups over the whole surface of

the membranous structure wherever it needs strengthening. In some
cases they are seen advancing as it were in broad bands over the sur-

face of the organ, from the hinge towards the lip, in the manner
exhibited in fig. 7, PI. xvii. which represents a portion of the perios-
tracum of Solen vagina, which was separated from the shell by ma-
ceration in dilute hydrochloric acid. In the front of the line of

progression {a) they are observed in their earlier stages of develop-
ment of cellular structure, but as we recede towards the line {b) the



142

tessellated cells are seen in their advanced stages of growth, closely

packed together, and incorporated with the tissue beneath. One of

the largest of the cells, with its accompanying cytoblast in the line

of advance (a), measured -rrrs mcn m diameter, while a smaller one,

in which the cytoblast and its nucleus were equally distinct, did not

exceed IO ooo inch.

Among the aquatic univalves there are some which have these or-

gans in a much greater degree of perfection than others, and in none

are they displayed in a more beautiful manner than in the periostra-

cum of Lymnea stagnalis, one of the commonest of our fresh-water

shells. If the periostracum be removed, in the manner before

described, by the aid of dilute hydrochloric acid, and examined as a

transparent object, with a linear power of 250, we find them in some

parts irregularly dispersed over the surfaces, of an oval form, and

usually exhibiting a distinct and very curious description of nucleus,

as represented at fig. 1, PI. xvii. In some of these oval bodies, the

nucleus, beneath a power of 550 linear, appeared like a vesicle which

had collapsed irregularly, as represented in fig. 6, PI. xvii. while in

others it assumed the appearance of a short, thick, convoluted thread,

as represented in fig. 5. This curious form of the nucleus is different

from any that I have observed in other shells. In other parts of the

same periostracum the cells assumed quite a different form (that of an

oblong), and were arranged end to end in short branching lines, as

represented in fig. 2, PI. xvii.
;
and when viewred with a power of

550 linear, many of them were found to contain numerous minute

globular bodies, probably incipient cytoblasts, as seen in fig. 3, PI.

xvii. One of the largest of this description of cell [a, fig. 3) measured

T4
t

i
inch in length by tttt m breadth. The whole of the perios-

tracum of this shell, when in its adult state, appears to be covered

by an exceedingly fine membrane, thickly studded with minute ma-

millated spots (a, fig. 2, PI. xvii.). These spots certainly cannot be

considered to be cytoblasts, from the regularity of their disposition,

and from the universal absence of a nucleus, even when examined

with a linear power of 1020, as represented by fig. 4, PL xvii. One

of the largest in this group which I measured was t^^ inch in

diameter.

The periostracum of Trigonia Lamarckii furnishes another ex-

ceedingly curious variety of the development of membranous tissues

through the agency of cytoblasts. In my observations " On the Or-

ganic Tissues in the Bony Structure of the Corallida3," (' Philoso-

phical Transactions,' part 2, 1842, p. 220, plate 17, figs. 3 and 4),
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I have described these organs as generating from the surface of the

membrane, not as a series of separate and perfect cells, but as long,

sacculated projections, the apex of each being crowned by the cyto-

blast which originated it, by the projection of the membranous tissue

from its circular edge, in a backward direction
; and it is singular

that we have in the periostracum of Trigonia Lamarckii, a series of

sacculated tissues, which are strikingly analogous in the mode of

their development to those which I have described as occurring in

Cellepora pumicosa. If the periostracum of Trigonia Lamarckii be
detached from the shell by the action of dilute hydrochloric acid, and

examined in fluid between glasses, with the outer surface towards the

eye, it presents the appearance of a beautiful network of broad yellow

fibre, having the interstices filled with a convex membrane, on the

centre ofwhich there is a large circular cytoblast, as represented in fig.

3, and also in fig. 4, PL xv., as seen with a power of 1020 linear. If

the inner surface of the membrane be presented to the eye instead of

the outer one, the appearance of the tissue is considerably altered,

and under these circumstances the structure resembles a series of short

honey-comb cells, having the cytoblasts at their concave terminations.

There is no membrane whatever at the bases of these sacculated pro-

jections, nor can any indication of one be discerned between that

part and the inner surfaces of the cytoblasts, while on the outer con-

vex surfaces, the membranes surrounding those organs, although ex-

ceedingly pellucid, are yet readily to be distinguished by frequent

corrugations of their surfaces. The terminations of the sacs on the

outer surfaces are frequently wholly or partially surrounded by a
double fine, as if in their advance beyond the plane of the reticulated

tissue, they had carried with them, to a certain extent, a marginal

fringe, composed of a portion of the thread of the network. No in-

dications of vascular tissue were observed on the outer surface. The
bases of the sacs, viewed with the inner surface of the periostracum
towards the eye, have usually the appearance of being formed of a

thin, rounded, marginal edge, which sometimes has much the aspect
of vascular tissue, although I do not think, from all the appearances

combined, that it is so. But if we obtain a view into the sac, in a

diagonal direction, there is frequently the appearance of a vessel

crossing its side at right angles to its axis, about half-way between
its base and apex ; and from having frequently observed this appear-
ance upon the inner surfaces of the sacs, I am much inclined to be-

lieve that such a tissue exists in that situation.

From the close approximation of these sacs to each other, they are
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angular by compression, but the number of angles is by no means

certain, and they vary in this respect from three to seven or more.

The reparation of wounded and diseased shells is a part of our sub-

ject which is of high interest to the physiologist, and upon which

much might be written, but I must on this occasion content myself
with but slightly adverting to it.

In cases of fracture of the shell, the process of repair is exceed-

ingly similar to the analogous operations in the bones of the higher

classes of animals. An effusion of coagulable lymph takes place

cytoblasts are produced ;
cellular structure quickly succeeds, in which

the earthy basis of the shell is secreted, and the fractured parts are

firmly cemented together.

If the accident be of less extent, such as an injury inflicted on the

inner surface of the shell, the process is precisely that which I have

described as taking place in the extension of the lip in the young
shell of Helix aspersa. A new membrane is formed by the effusion

of coagulable lymph ; cytoblasts and cells are developed ; and secre-

tion of carbonate of lime commences at the edge of the membrane.

As the processes of development and secretion proceed gradually in-

wards, the centre of the membrane is eventually reached by the en-

croaching circle, and the whole of the wounded surface is covered by
a new stratum of cells and membranous tissue. Such precisely is the

operation which has taken place on the inner surface of one of the

shells of Modiola papuana which I have in my possession.

The mode of effecting repairs in the periostracum is in some

respects different from the analogous operation in the shelly structure.

One of the specimens of Solen vagina in my possession has had this

organ pierced in a great number of places ; and the examination of

these wounds affords so many interesting phenomena, and exhibits

evidence of the existence of so high a degree of vitality, as to render

it necessary to enter somewhat at length into this part of our subject.

In this case the wounded part is in such a position as to preclude

the possibility of the animal exuding a layer of coagulable lymph so

as to form a new basement membrane, in the manner in which the

addition to the lip is effected in the univalve, or in the repair or ex-

tension of the inner surface of the bivalves. Nature has, therefore,

had recourse to other means for the production of the basement

membranes of the new tissues, which are required to be produced to

supply the places of those which have been destroyed or displaced ;

and this is effected by the slow extension of the inner layer of the

periostracum, which gradually encroaches from all sides on the
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wounded area, until it meets in the centre and the denuded surface of

the shell is covered. The new membrane is at first clear and pellucid,

but, after a short period, minute vesicular molecules and cytoblasts

appear ; solitary spherical cells are next observed dispersed over the

surface, especially towards the edge of the wound, and small patches

of minute vascular tissue may be seen. As the process of reparation

proceeds, the spherical cells increase in size, and assume the form of

collapsed vesicles, frequently having a depressed line across their

centre, on each side of which there is a partial inflation remaining.

As they increase in number towards the edge of the wound, their

outlines become more indistinct, until at last they form an even paving

or thickening of closely-compressed tessellated cells, whose junction

with each other is scarcely to be distinguished. Layer after layer

of this tissue follows each other, tier above tier, until the space of the

wound is completely filled up. But this portion of the process of

reparation, is not effected with anything like the same degree of

rapidity that marks the production of the basement membrane, which

is frequently perfected, and completely covers the previously exposed
surface of the shell, while the restoration of the remainder of the tis-

sues has apparently progressed but very slightly, as shown in fig. 8,

PI. xvii. which represents a portion of one of the wounded spots,

seen with a power of 300 linear. The minute vessels to which I have

before alluded quickly make their appearance on the surface of the

newly-formed basement membrane, and afford one of the most inte-

resting studies of the origin of simple, branched, and anastomosing

vascular tisues, that I have hitherto had the good fortune to meet with.

In the course of my investigation of the animal tissues of the bony
skeletons of the true Corallidae, I have described and figured the vas-

cular tissue found in Millepora alcicornis, which is seen to consist

of exceedingly minute vessels, simple in their character and frequently

terminating abruptly, but having beyond the termination of the truly

vascular portion a linear series of cytoblasts, as if the completion of

the vessel had been arrested at the period of the death of the animal.

In other parts of the same specimen, detached patches of straight

and curved linear series of cytoblasts were of frequent occurrence.*

In my examination of the animal tissues of Cellepora pumicosa, in

the same paper,f I have described a series of large sacculated pro-

jections of membranous tissue, supported on the basement membrane

of the coral, and crowned, each one, with a large and strikingly

* Phil. Trans, part 2, 1842, p. 220, pi. 17, fig. 2. f Id. p. 220, pi. 17, figs. 3, 4.
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beautiful cytoblast, which, having been originally seated on the base-

ment membrane, had projected a cylindrical tube of membranous
structure from the under side of its margin, to such an extent as fre-

quently to elevate it fifteen or twenty times the length of its own di-

ameter, from the surface of the membrane upon which it originally

reposed. These sacculated bodies are almost always furnished with

extremely minute vessels, that occasionally give off short branches,
which are sometimes observed to terminate in a linear series of three

or four cytoblasts.

I have alluded to the description of these structures somewhat at

length, as it will be seen that the vascular tissues on the new basement

membrane of the wounded shell are intimately connected in their

origin and structure with those of the Corallidae, and that in conjunc-
tion with them they will afford interesting demonstrations of the

mode of generation of the primary vascular tissues, not only in ani-

mals comparatively of a low degree of organization, but also, it is to

be hoped, in those of the higher warm-blooded classes, as I have ob-

served these primary vessels amid the cartilaginous fibres of a portion

of the foetal skull of an infant, which had been deprived of its carbo-

nate of lime by maceration in dilute hydrochloric acid, and also in

the somewhat similar cartilaginous structure in a case of mollities

osseum, at St. Thomas's Hospital, described by Mr. Samuel Solly.

Let us now return to the basement membrane of the wounded

shell. If, with a microscopic power of 500 linear, we examine this

tissue in the earliest stages of its development, and before it has

closed in the centre, there are usually but very slight traces of vascu-

larity to be found. A few simple but very slightly branching vessels

are to be seen dispersed, frequently at considerable distances from,

each other. In this stage of their existence they do not appear to be

a part of one great plexus buried in the substance of the membrane,
of which portions only are to be seen, but are truly separate centres

of primary vascular structure ; for if we use a high magnifying power,
1000 or 1500 linear, and focus the structures with great care, we may
readily convince ourselves that they are not embedded in the substance

of the basement membrane, but are produced upon its surface, and

are but slightly adherent to it, for it frequently occurs that branches

are seen projecting from its plane ;
and at the torn edges of the mem-

branes also they are often seen extending considerably beyond the

margin, and in this state are frequently terminated by a large and

well-defined cytoblast.

If we examine these detached patches of young vascular tissue,
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with a microscopical power of about 1000 linear, it will appear that

they are rarely found to consist of a continuous and unbroken tube

for any considerable distance, and we shall observe that they are

formed of a series of moniliform parts of unequal length, the whole

being constructed by the junction of a linear series of minute cyto-

blasts, in a similar manner to that which I have described as the mode

of the production of similar minute vessels in the tissues of the Co-

rallidae. As the vessel approaches maturity, the divisions into moni-

liform parts become less frequent, until at last it assumes the appear-

ance of a tube, filled, excepting at slight and irregular intervals, with

a yellow gelatinous matter
;
and in the complete state the gelatinous

line is nearly continuous and unbroken, as shown in the fragment re-

presented at c, fig. 4, PI. xviii.

The vessels are not always composed of a series of cytoblasts of

equal diameters, nor at an equal distance from each other, but occa-

sionally they are constructed of small cytoblasts disposed at irregular

distances, along with which there are others of comparatively gi*eat

size, with large and very distinct nuclei, as represented at a a, fig. 3,

PI. xviii. In this case, when closely adjoining, they at once unite ;

but if short intervening spaces exist between, each cytoblast generates

its own portion of the tissue, which portions approximate and unite

together, until the whole forms a series of continuous, irregular, mo-

niliform vessels, as represented in fig. 3, PI. xviii.; or it sometimes

occurs that all the cytoblasts of the series are of the large-sized

description, with the distinct nucleus, as represented by fig. 5, PI.

xviii. The production of branches is achieved by an extension of the

same laws that govern the generation of the main trunks of the ves-

sels. A single cytoblast is generated upon, or becomes attached to,

the side of a vessel. Membranous structure is detached from its

under side, in accordance with the laws that I have previously

described, and a short cylinder of vascular structure is produced,

bearing upon its summit the large spherical cytoblast from which it

has emanated, and in proportion as this organ is endowed with pro-

ductive power, so we have the branches either long or short. While

in a state of vigorous action the cytoblast appears to retain its sphe-
rical form, original diameter, and distinctly nucleated appearance, as

represented in a, fig. 4, PI. xviii.; but as it declines in vigour it de-

creases in size, assumes an oval shape, and loses the nucleated ap-

pearance, (fig. 4, b) ; and this diminution of its diameter continues

gradually to take place, until, at the period of the cessation of its

productive power, it is reduced to the ordinary diameter of the vessel
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it has generated, and finally forms a ccecoid termination to it. By the

production of branches in this way from all parts of the originally

small and widely separated centres of vascular tissue, the whole be-

comes ultimately united, and forms one large and intricate plexus ;

for it may be frequently observed in the young basement membrane,
that while some of the groups of vessels are isolated, there are

patches situated near each other, which, although each may have freely

anastomosed with the members of its own group, yet they are con-

nected with each other by one or two points of junction only, while,

on the contrary, in the more advanced stage of the tissues, isolated

vessels or centres of vascularity are rarely to be detected in the inter-

stices of the general plexus.

The vascular tissue, which I have described above, is not peculiar

to the new membrane of the wounded parts of the shell, but it exists,

I believe, in the same relative situation on all parts of the basement

membrane of the uninjured periostracum, as it may be frequently

observed when that organ is sufficiently thin and transparent to permit
of distinct vision with high microscopical powers, and especially in

the young portions near the edge of the shell.

I have not had the opportunity of examining either human false

membrane in a sufficiently early state of development, or human foetal

tissues, to be enabled to say that the production of vascular tissue in

our own species is in accordance with the facts which I have just de-

scribed ; but I have little doubt that ultimately such will prove to be

their origin, for Bowman has noticed corpuscles in the coats of capil-

lary blood-vessels, in the sheath of nerve, and in the substance of ten-

don, but believes them to be " the nuclei of cells, from which these

several structures have been originally developed."

The arrangement of the cytoblasts in linear series is probably due

to an electrical or polar action among themselves, each molecule ap-

pearing to have a distinct axis that determines the position in which

one approaches the other. Thus in the compressed discoid cytoblasts

of the animal membranes of the coral, Millepora alcicornis, the polar

axis appears to pass from certain points in the circumference, through
the centre of the body, midway between the two broad surfaces ; thus

inducing an arrangement of the disks edge to edge : while in the disks

of the human blood, the polar axis appears to pass from centre to cen-

tre of each of the broad disks of the corpuscles, or in a direction ex-

actly the reverse of the cytoblasts of the coral : thus inducing a linear

arrangement of the blood-disks, with their broadest surfaces in con-

tact, or after the manner in which a pile of coin is packed, and which
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mode of disposition is so familiar to every observer of the blood by
means of the microscope.

It is difficult to divine to what extent this law may obtain under

other circumstances, but we have every indication of its operating ex-

tensively in numerous cases of the origin and increase of newly-formed

animal tissues in the Corallidai and the Spongiadce, as well as in the

beautiful and highly organized subjects of the present paper, in the

membranes of which we have seen it exerted in the mutual attraction

and arrangement of the cytoblasts for the production of the new vas-

cular tissues of the periostracum and other tissues of the shell. The

same law also appears to be called into action in the production of the

muscles of animals ;
for Bowman, in his paper on muscular fibre, pub-

lished in the '

Philosophical Transactions
'

for 1841, says at p. 484 :

"It is now well known through the researches of Valentin and Schwan,

that the fasciculi of voluntary muscle in the earliest stage of their de-

velopment, consists of a series of nucleated cells, and that the nuclei

continue visible during the period of foetal growth."

There is another phenomenon which accompanies the restoration

of the wounded parts of the periostracum of the shell, which is ex-

ceedingly interesting, as it appears to be the result of a natural effort

in aid of the reproductive process; very nearly allied to that which is

attained by Nature in the healthy marginal inflammation of the

wounded parts in the fleshy tissues of the warm-blooded animals.

If we examine the outer margin of the wounded spot in the perios-

tracum, with a power of 200 or 300 linear, we always observe that

it presents a finely-fringed appearance, like dendritical filaments,

springing from the extreme margin of the healthy periostracum, and

penetrating its substance to a small extent, as represented at PI. xvii.

fig. 8. If we examine this object with a power of about 1000 linear,

we find that this appearance is caused by the healthy periostracum

immediately surrounding the wound being excavated into an infinite

number of short bifurcating canals, of nearly equal diameters, as re-

presented at a a, fig. 1, PI. xviii. There is to all appearance but one

thin stratum of these curious organs, and this by measure is r0 ^ o
- inch,

beneath the outer surface of the periostracum. I have been unable

to detect them in the space between this layer and the basement mem-

brane. In some cases they extend much further beyond the dark

margin of the new tissues than is represented in fig. 1, PI. xviii.; and

in one instance I found a circular patch of them radiating from a

small dark dot near the centre of the patch, as if the reparative pro-

cess had been completed, and they alone remained as an evidence of
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the former existence of a wound. It is difficult to divine the precise

office which they fulfil in the restoration of the wounded tissues, but

that they are connected with this process is evident from their being fre-

quently to be found amid the newly-formed layers of tessellated cells,

which are seen tier above tier, advancing from the healthy margin to-

wards the centre of the wound
; and, under favorable circumstances,

their communications may be traced with those permeating the old

periostracum.

There are other tissues in bivalve shells, which, like the structure

of the periostracum just described, evince a much higher degree of

organization than naturalists have hitherto believed to exist in shells

of molluscous or conchiferous animals. Thus, in the inner surface

of many bivalves, there are tissues which very closely approach in

their structure to the areolar tissue, described by Mr. Bowman in his

treatise on mucous membrane, in the '

Cyclopaedia of Anatomy and

Physiology.'* In many shells the tissues, which I believe to be ana-

logous to those described by Mr. Bowman, are of extreme tenuity,

while in others they are much more easily to be observed ;
but in

none which I have examined are they developed in a greater degree
of perfection than in Venus decussata, and to this therefore 1 shall

limit my description. If the shell be macerated in very dilute hydro-
chloric acid until it is entirely deprived of its calcareous matter, and

then examined in water, with the inner surface towards the eye, with

a power of 160 linear, we shall observe, immediately beneath the

membrane lining the interior of the shell, three or four layers of a

* The author, in describing the areolar tissue, says,
" It in truth consists of two

tissues, distinct from each other, and respectively allied to the white and to the yellow

fibrous tissues. The white fibrous element of areolar tissue is chiefly in the form of

bands of very unequal thickness, in which are to be seen numerous streaks taking the

general direction of the whole, but not parallel to the border, nor continuous from end

to end. These streaks more resemble the creases of a longitudinal folding tban inter-

vals between the separate fibrillae, for which they have been mistaken. These bands

split up without difficulty in the long direction, whence result fibrils of the most va-

ried width, the finest being far too minute for measurement, even with the best instru-

ments. These bands interlace and cross one another in various directions, and their

natural course is wavy. They frequently subdivide and join those near them. Be-

sides these bands, commonly called fasciculi, there are some finer filaments of the

utmost tenuity, which seem to take an uncertain course among the rest. The yellow

fibrous element is everywhere in the form of solitary fibrilla;, which correspond in

their essential characters with the tissue of that name. They are disposed to curl,

and are truly branched at intervals of variable length ; these branches (which usually

retain the size of the fibril from which they spring) becoming continuous with others

in the neighbourhood."
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yellow Fasciated tissue, forming numerous oval and round areas, of

very unequal size, and disposed without order or reference to the

open areas of the neighbouring layers, either above or below. When
the fasciae are wide, they appear membranous and unevenly plicated

within the margins, which are usually rounded or thickened ;
but

when they are narrow they assume a swollen and ligamentous appear-

ance, as represented in PI. xviii. fig. 7.

At the base of this tissue there is a thin membrane of an even tex-

ture, which presents a finely granulated surface when viewed with a

power of 600 linear. Immediately beneath this is seated the tissue,

which appears to me to be equivalent to the
" white fibrous element

of areolar tissue
"

of Bowman. With a linear power of 250 it has

the appearance represented in PI. xviii. fig. 8. With this power it

seems as if the striations were produced by a series of parallel con-

tractions, of an upper and softer stratum of the membrane, as the

lines of division are not continuous, but frequently merge into each

other, and the edges of the supposed fibres appear ragged and un-

conformable ; but upon examining it with a microscopic power of

1020 linear, the object presented a widely different aspect, and the

striations now appear as if they were produced by lines, composed
of parallel fasciculi of minute tortuous vessels, buried in the sub-

stance of a comparatively thick membrane ; but I am induced to be-

lieve that this is not in reality the structure of the tissue, but that

the fasciculated appearance of the vessels is due to the tissue being

composed of numerous thin layers of basement membrane, each

having a series of single vessels running parallel to each other, and

that the lines of vessels are conformable with each other in the whole

of the membranes of which the tissue is composed ; for in several

parts of the preparation I am describing, there are fragments of ex-

ceedingly thin membranes, which project from the torn edges of the

fibrous tissue, and which are furnished with parallel lines of single

vessels. The courses of these vessels through the tissue are not in

undeviating lines, but slightly undulating, so that a series of them

would naturally give the confused and tortuous appearance which

exists in the membrane, in its natural and undisturbed condition.

It would appear from Mr. Bowman's description, which I have al-

ready quoted, that he saw similar minute vessels in the corresponding
tissue of the mucous membrane of the human subject, for he says,

—
" Beside these bands, commonly called fasciculi, there are some finer

filaments of the utmost tenuity, which seem to take an uncertain

course among the rest." When the shell-tissue is torn at right angles

M
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to the courses of these vessels, they are seen projecting in great num-

bers from the fractured edge ; and their vascularity may be readily

demonstrated with a power of 1020 linear, as they frequently contain

portions of an amber-coloured gelatinous matter, which induces a

slight increase in their diameters at those parts. One of the vessels

under these circumstances measured 1 T i 7
-

g inch in diameter.

In concluding the detail of my researches, I may be allowed to ob-

serve, that I have no doubt that many other interesting and beautiful

tissues will be found by future investigators of these highly organized
and elaborately constructed bodies, for I can assure my readers that I

have by no means exhausted the subject, but on the contrary, have

rather confined myself to pointing out the general laws displayed in

the organization of univalve and bivalve shells, than entered into a

detailed description of the numerous beautiful tissues that have passed
beneath my eye during the course of this series of observations ; and

the scientific conchologist, I am convinced, will find in the investiga-

tion of the organic tissues of shells, powerful assistance towards a na-

tural arrangement of genera, and a most efficient aid in determining

doubtful species.
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EXPLANATION OF PLATE XIV.

Fig. 1. A portion of the new membranous lip of Helix aspersa, in its natural state,

with cytoblasts and cells in progress of development.

a, a, a. Vascular tissue in progress of formation.

Fig. 2. A portion of the lip of the same shell.

a, a, a. Vascular tissue in its early stage of development.

Fig. 3. Detached cells and cytoblasts in various stages of development, from the young

lip of Helix aspersa.

Fig. 4. Linear arrangement of nucleated cells, illustrating the early stage of the de-

velopment of prismatic cellular tissue, in the young lip of Helix aspersa.

Fig. 5. Interstitial vascular tissue of Ostrea edulis, separated by maceration in dilute

hydrochloric acid.

Fig. 6. Interstitial vessels running in the angles of the terminations of the cells at the

inner surface of Pinna.

a, a. The vessels in situ.

b, b. The impression left by the vessels after they have been removed.

Fig. 7. Interstitial vessels similar to those represented in fig. 6, but partially hidden

by the gelatinous looking covering.

a, a. The vessels exhibited by the absence of the covering.

b, b. Portions of the preparation where the vessels are concealed by the

covering.

Fig. 8. Section of prismatic cells of Pinna ingens, at right angles to their axes, show-

ing the layers of vessels connected by the membranous tissue of the sides of

the cells.

EXPLANATION OF PLATE XV.

Fig 1. Cyprcea Mauritiana fractured at right angles to the lines of growth.

a, a. Part of the central stratum of plates of prismatic cellular structure,

crossing each other at right angles.

b. The outer stratum of plates of prismatic cellular structure, exhibiting

the basaltiform columnar appearance arising from the section being at

right angles to the planes of the plates.

Fig. 2. Prismatic cellular structure of the thin stratum from the interior of a Conns,

showing the mode in which the cells frequently divide or unite with each

other.

Fig. 3. Upper surface of periostracum of Trigonia Lamarckii, with its cytoblasts.

Fig. 4. One of the cytoblasts magnified 1020 linear.

EXPLANATION OF PLATE XVI.

Fig. 1. Cellular structure of Haliotis rubra.

a, a, a, a. Sections of Haversian canals.

Fig. 2. A portion of a plate of fan-shaped prismatic cellular tissue from a bivalved

shell from the gault formation.

a, a, a, a. Longitudinal Haversian canals.

b, b, b, b. Transverse Haversian canals.

M 2
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Fig. 3. Young cellular tissue of the shell of Ostrea edulis, with cytoblasts.

Fig. 4. Adult cellular tissue of Ostrea edulis.

Fig. 5. Haversian canals in the membranous tissue of the shell of Ostrea edulis.

EXPLANATION OF PLATE XVII.

Fig. 1. A portion of the periostracum of Lymnea stagnalis, with oval cytoblasts.

Fig. 2. Periostracum of the same shell, exhibiting the linear arrangement of oblong

cells, and the mamillated outer membrane at a.

Fig. 3. Some of the oblong cells represented in fig. 2, magnified 550 linear, to show

the minute globular bodies that they contain.

Fig. 4. A portion of the mamillated outer membrane of the same shell, seen with a

power of 1020 linear.

Fig. 5. and 6. Two of the oval nucleated cytoblasts represented in fig. 1, seen with a

power of 550 linear.

Fig. 7. A portion of the periostracum of Solen vagina, exhibiting one of the broad

bands of cells and cytoblasts upon its surface.

a. The front of the band. b. The back.

Fig. 8. Part of one of the wounded spots in the periostracum of Solen vagina.

a. New basement membrane, with primitive vascular tissue.

b. New layers of cellular tissue, advancing from the circumference to-

wards the centre of the wound.

EXPLANATION OF PLATE XVIII.

Fig. 1. Represents a small portion of the edge of one of the wounded spots in the

periostracum of Solen vagina, with a power of 1020 linear.

a, a. Bifurcating canals excavated in the healthy periostracum surround-

ing the wounded part.

b, b. New cellular structure within the margin of the wound.

Fig. 2. Primitive vascular tissue of the new basement membrane of the wounded pe-

riostracum of Solen vagina, in nearly a complete state of development, ter-

minating at one end with large nucleated cytoblasts.

Fig. 3. A small plexus of primitive vascular tissue, in an early stage of formation.

a, a, a, a, a, a. Large nucleated cytoblasts intermixed with the smaller

ones of which the tissue is principally composed.

Fig. 4. Primitive vascular tissue of the new basement membrane completely developed.

a. A nucleated cytoblast in active condition, terminating a branch in

course of development from its under surface.

b. A young branch terminated by a nearly exhausted cytoblast.

c. Part of the vessel filled with the yellow gelatinous substance.

Fig. 5. Linear arrangement of large nucleated cytoblasts in the earliest stage of the

development of vascular tissue.

Fig. 6. Primitive vascular tissue, with branches in different stages of development.

Fig. 7. Yellow fasciated tissue of the inner surface of Venus decussata.

Fig. 8. White fibrous tissue of Venus decussata.
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XX.— Remarks on a peculiar form of Spiral Vessel.

By Arthur Hill Hassall, Esq.

Read Nov. 16, 1842.

While recently engaged in examining the decayed gourd of the

vegetable marrow, with the view of finding the Fungi which are so

influential in producing the destruction of fruits, my attention was

directed to a peculiar modification of spiral vessel. On placing a

bundle of the spiral vessels of the gourd of this plant beneath the

microscope, each vessel is plainly seen to be striated by a number of

longitudinal lines, which might, at first sight, be regarded as plaits in

the enclosing membrane of the spiral fibres, but are really secondary

Jibrilla; as may be proved,
—

first, by the circumstance that they are

distinctly separable from this membrane, and secondly, by the fact,

that if a spiral vessel be broken up, and the fibre uncoiled, the

longitudinal strice will be observed to have separated into numerous

short pieces, which adhere to each turn of the spiral fibre; and again,

that if an interior view of a vessel be obtained, the extremities of the

stria may be plainly seen interrupting its circularity. These longi-

tudinal jibrill<B are very numerous, varying in number from six or

eight in the smaller vessels, to as many as twenty in the larger (see

PI. xix. fig. 1, 2, 3). They are very much smaller than the spiral

fibres, to the internal surface of which they are attached ;
and the

only office which can apparently be assigned to them, is that of

strengthening the walls of the tubes, and preventing, by their adher-

ence, the too great protrusion of the investing membrane of the vessel.

On describing this form of vessel, which I had imagined to have

been unobserved, to Mr. E. J. Quekett, that gentleman informed me
that he had himself noticed it, and supplied me with the following
information respecting it :

" The first figure of a vessel with longitu-
dinal strice which I have seen, was in *

Schultz's Memoir on the Cir-

culation of the Ducts of the Latex,
1

from Urania speciosa, though I

had previously seen it in Loasa contorta, in the petiole. It has been

observed since by Mr. W. Wilson, in Typha latifolia, and I have

recently found it in Canna hicolor"
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It would therefore appear, that this form of spiral vessel is by no

means rare, but still the recorded instances of its occurrence are not

so numerous as to render a further enumeration of plants in which it

may be found, destitute of interest.

EXPLANATION OF PART OF PLATE XIX.

Fig. 1. A magnified portion of the spiral vessel of the Vegetable Marrow.

Fig. 2 and 3. The same unrolled.
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XXI.—On the Nature of Vessels possessing Longitudinal as well as

Spiral Fibres, found in certain Plants. By Edwin J. Quekett,

Esq., F.L.S., &c.

Read May 17, 1843.

Having given to the Society at some of its earlier meetings a few

observations on the structure and development of the vascular tissue

of plants, and as this subject still continues to occupy my attention,

I intend this evening to offer to your notice some remarks connect-

ed with vessels, which present an evident longitudinal, as well as a

spiral, arrangement of fibres in their interior.

These vessels are not present in the majority of plants, and have

not, until within the last few years, been described
;
but since they

have been detected, observers have found them in very different orders

of plants, and it is not improbable that future investigators may suc-

ceed in discovering them in a still greater number of plants than

those in which they have hitherto been observed.

Schultz, in his ' Memoir on the Circulation in the Ducts of the

Latex,' figures a vessel of this kind found by him in Urania speciosa.

Previous to seeing this figure, I had found a vessel of the same struc-

ture in the petiole of the leaf of a Loasa. Mr. W. Wilson, of War-

rington, pointed them out to me in Typha laiifolia ; subsequently, I

have met with them in Canna bicolor. Mr. H assail has informed

the Society this season, that he had met with similar vessels in a

plant belonging to the Cucurbitacea ; and I have lately detected

something analogous in the footstalks of the leaves of the garden
rhubarb.

The fact of finding vessels possessing a similar nature in classes

and orders of plants differing in many points in their structure, offers

the expectation, that hereafter they will be frequently detected in the

vascular system of a variety of plants, especially of those that exhibit

dots on the vessels arranged in some regular order.

The usual characters that these vessels exhibit, are the following :
—

In Exogens they do not appear to have either the length or diameter

of those found in Endogens, where they certainly constitute the largest

and longest of the vessels.

In Loasa aurantiaca they do not exceed the -5-^uth of an inch,

whereas in Urania and Canna they are nearly the T^th.
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In their structure, they resemble ordinary spiral vessels in several

points ; having, more frequently than otherwise, two or more fibres,

forming the same screw, coiled in the interior of the vessel, as in

compound spiral vessels :
— a " double-threaded" screw having been

found in the gourd by Mr. Hassall, a four-threaded one in Urania,
and an eight-threaded one in Carina bicolor.

In addition to this spiral arrangement, there are longitudinal depo-
sits of fibres, the number of which varies considerably ;

some vessels

not possessing more than six or eight, whilst in the larger, more

than double the number can be detected. When force is applied to

these vessels, they are reduced to a spiral ribbon, and the longitudi-

nal fibres break at the same point as the membrane, the broken edges
of the latter projecting beyond the edge of the spiral: (PI. xix. fig. 4).

The termination is very pointed, and one vessel overlies the other for

some considerable space.

Such is the ordinary structure of these vessels : and I was induced

to believe them to be perfect of their kind, and that they presented

higher marks of development than the true spiral vessels
; but sub-

sequent observations have led me to conclude, that this longitudinal

deposit of the elements of fibre is only a state preparatory to the

complete developement of a vessel, exhibiting oval or quadrangular
dots on its parietes. In examining the vessels as they occur in bun-

dles, in Canna bicolor, where annular and spiral vessels (simple
and compound) are to be found, it can be observed that all these ma-
nifest a tendency to produce longitudinal fibres, but it is only in the

compound spiral, that the ultimate conversion of at first a spiral into

a vessel with dots, regularly arranged in longitudinal rows, occurs.

It is known, from the investigations of Mohl and Schleiden, that the

spiral is the type of every other form of vessel ;
and vessels, whatever

phases they ultimately assume, are, in early life, developed on the

spiral plan ; (perhaps an exception occurs in the vessels of woody

exogens). The annular can be shown to be formed from a spiral,

by two or more turns of the fibre, adhering in various parts of the

membranous cylinder in which it is contained
;

and ultimately, the

connecting portion of the fibre becoming absorbed.

It can be observed in the reticulated vessel, that the fibres, originally

spiral, can be so connected by longitudinal, or longitudinally oblique

processes of fibres, as to leave between them portions of the mem-
branous cylinder, constituting what is known as a " dot ;" these dots

occurring in no regular order.

If this principle of the formation of dots be carried farther, it is not
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difficult to conceive, that if a vessel, composed of many spiral fibres,

which are a little remote from each other, have the several turns of

the fibres connected by longitudinal ones, it will present a surface

composed, like a net, of quadrangular meshes ;
this is, in fact, the

case. The vessels, whose structure has been detailed, are in pro-

gress towards the dotted condition ; some, undoubtedly, from the

growth or elements of nutrition being suspended, proceed no farther

than the state in which they have been described, but others arrive at

their perfect development, the angles of the meshes being rounded,

and the dot becoming more or less oval ; they then appear to be dot-

ted vessels of a certain kind. In some instances the various steps

of the progress can be witnessed in the same vessel in Carina bicolor.

In examining vessels of this plant, it is very apparent that the depo-
sition of the longitudinal fibre, from the early contents of the vessel,

is a process far subsequent to the formation of the spiral fibre, as

many vessels will afford the opportunity of seeing the latter perfectly

formed, and the former absent, or only commencing to be formed, at

one or the other extremity.

These vessels point out to us some of the means by which Na-

ture, having first established laws, can, with the simplest elements,

afterwards effect complicated changes, still maintaining the same

unity of design in one plant, or portion of a plant, as in another.

When other kinds of dotted vessels, such as occur in woody exogens,
are the subjects of examination, it will be found that the dots on such

are of a still more complex nature, and which, by the investigations of

the indefatigable Mohl, have been clearly elucidated. Tn all vessels

of this kind the dots possess a central smaller dot, which appearance
is chiefly due to a small depression occurring between two adjoining

vessels, and projecting from without inwards in each vessel at the same

spots, and to a deposit of "sclerogen," or fibrous matter in the in-

terior of the vessel, which is thicker in every part than on the sum-

mit of the projections ; in this way presenting to the eye a disk, with

a centre of green or reddish colour, arising from the tenuity of the

membrane decomposing the light in its transit through such a minute

space.
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XXII.— On an instance of Monstrosity in a Moss.

By Edwin J. Quekett, Esq., F.L.S., &c.

Read October 18, 1843.

It is well known at the present time that the several organs that

constitute the flower and fruit of a plant, are but modifications of

leaves ;
that is, that these organs are impressed, at their earliest for-

mation, with a different law in their development, becoming subservi-

ent to the functions of reproduction instead of nutrition, the elements

being the same in both cases.

The organs of the flower, consequently, are considered in a state of

advancement, and that it requires some different power of the plant

to form the parts of the flower out of leaves, than is required to form

the ordinary leaves for nutrition. In any case, the floral organs are

considered to be removed from leaves in an ascending order, and the

highest pitch of development being concentrated in the formation of

the petals, not only in converting the green calyx into coloured or-

gans, but bringing back the stamens and carpellary leaves to petals,

or to that condition which apparently they had gone beyond.
The metamorphosis of the normal condition of the organs of a

flower, is familiar to most persons in what is termed " a double flow-

er," in which there appears to be nothing but a mass of petals, the

other organs being employed in the formation of the monstrosity.

The metamorphosis of. flowers appears to be of two kinds, centripe-

tal and centrifugal : that is, the organs from without inwards and

from within outwards, take the character of petals, the petals being

the imaginary organic centre, which does not alter its nature.

Instances of both these kinds of metamorphosis are frequent among
cultivated flowers ; of the former may be mentioned the Polyanthus,

where the calyx assumes the character of the corolla
;
and of the lat-

ter the double stock, double cherry, double Lychnis dioica, and mul-

titudes of other instances : in these, the several more internal organs,

as the stamens and pistils, become converted to the nature of petals.

The point I wish most to insist upon in the latter form of metamor-

phosis, is, that the carpellary leaves, which are employed in the for-

mation of the pistil (seed-vessel), are not always converted into petals,

but assume the green hue common to ordinary leaves. These, how-

ever, by the processes of horticulture, but chiefly by richer soils, can
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be farther changed towards the true character of petals ; but the first

change of the component parts of the pistil into leaves, implies that

this organ is constructed of the same elements which, in some other

portions of the plant, are devoted to other purposes ; and the fact of

their changing first into leaves, leads to the inference that the pistil,

in its younger state, is more or less employed in connexion with the

purposes of nutrition as well as of reproduction.

Instances of such kinds of metamorphosis as that just alluded to,

are very common in
"
flowering plants," but such deviations from the

normal state are more rarely witnessed among the "flowerless plants."

Still, it can be observed, that the beautiful law of causing leaves un-

der different states of modification to constitute the organs concerned

in the perpetuation of the species, as well as in the assimilation of

nourishment, obtains even in some of the higher orders of flowerless

plants.

In certain ferns it may occasionally be seen that a group of minute

leaves occupies the position of the part appropriated to the minute

organs of reproduction {sorus), clearly demonstrating that the cap-

sules which are replaced by leaves, must have a common origin with

them : and Professor Lindley, in the 2nd edition of his '
Introduction

to the Natural System of Botany,' p. 398, compares the annulus of

the capsule of a fern to the midrib of a leaf; the membranous case of

the sporules to the blade, and the peduncle to the petiole.

Since occurrences of this kind have been witnessed in the ferns,

which departure from the ordinary character of these organs has

enabled us to understand their structure, Professor Lindley has sug-

gested the idea that the structure of the fruit of mosses may be con-

formable to the same law, after the following manner. "The calyptra

may be understood to be a convolute leaf; the operculum another
;

the peristomium one or more whorls of minute flat leaves; and the the-

ca itself to be the excavated distended apex of the stalk, the cellular

substance of which separates in the form of sporules."
— Introd. Nat.

Syst. 2nd ed. p. 408.

It does not appear that specimens had been discovered by which

the identity of the origin of the several parts of the fructification of

a moss with true leaves could be demonstrated, and thus confirm the

above supposition : I have however lately examined some specimens,
which go far to prove that these minute organs are capable of being
converted into leaves, leaving but little doubt that modifications of

leaves are here employed, as in ferns and the higher orders of plants,

to constitute the parts concerned in the duty of reproduction.



162

Soon after Mr. Ward had made known his plan of growing ferns

and other plants in closely glazed cases, a plan admirably adapted
also for physiological experiments, I had constructed a small case for

the purpose of endeavouring to grow the mosses in the metropolis, in

which were placed various species, both in fruit, and having the ten-

dency to form fruit; the case being kept in doors, close to a window

which faced the south.

Among the number so planted, was a mass of Tortulafallax, show-

ing, at the time, the early condition of the seta, capped with a ca-

lyptra.

After watching the progress of the plants in the experimental case,

it was discovered that the Tortula, which, when placed in it, showed

every tendency to produce fruit, now presented a miniature forest of

elevated stems, leafy above and below, but in the intermediate portion,

destitute of leaves, instead of fruit advancing to maturation ;
in fact,

all appearance of capsules approaching maturation was entirely dis-

sipated.

On placing some of the plants under the microscope, it was evident

that the specimens were furnished with the usual leaves at the base

of the plant,
—the seta existed, and presented the usual brown colour,

quite destitute of leaves, but in the place of the capsule, there was a

continued elongation of the seta, of a green colour, bearing several

green leaves, varying in number in different specimens, being gene-

rally from about twelve to twenty ; no doubt there would have been

more, had the plants been allowed to continue growing. (See PI.

xix. fig. 5).

In this condition the specimens were now removed from the case,

and dried for the herbarium.

From the view displayed by the microscope, it appears that the

capsule had scarcely commenced to be formed, when the elements of

the modified leaves, (which I conceive would have otherwise formed

the capsule and peristome), having received an increased degree of

heat, combined with more moisture than is natural to these plants,

occasioned by the structure of the case, and by its position, instead

of being converted into the ordinary capsule and peristome, the mat-

ters which entered the plants were appropriated, not in favouring

the development of the organs of reproduction, but in effecting a

change which carried them into a state fitting them apparently for

the purposes of nutrition.

This change appears to have been accomplished by the columella

continuing to elongate, and the leaves, whose apices, which it is con-



163

ceived would have otherwise formed the peristome, being carried up

from their usual position, simply in consequence of the elongation of

this organ.

It might be thought that the number of leaves on the axis ought to

be the same, and not less than those constituting the peristome. But

when the thirty-two leaves, which ought to have preserved the same

plane, in order to form the peristome, are changed to an entirely dif-

ferent purpose, and become arranged on an axis which may elongate

indefinitely, which elongation was suddenly arrested by taking the

moss from the case, the specimens cannot offer anything decided on

this point. This variation from the ordinary structure of the repro-

ductive apparatus of a moss, fully bears out the views of Professor

Lindley, on certain points, viz., those which relate to the calyplra,

operculum and peristome ; but it is not clear to me that the theca is

the hollowed out apex of the stem. In the first part of this paper it

was mentioned, that in certain monstrosities, such as the conversion

of the carpellary leaves into petals, that the first act of destroying

the seed-vessel, as in Lychnis dioica, and the " double cherry," was

frequently to occupy its site by certain greenish leaves, not then pe-

taloid
;

here we find an analogue to that which happens in mosses.

The ripened capsule of a Lychnis is not unlike that of a moss, being

urn-shaped, possessed of a certain number of teeth at the mouth, and

having a central placenta, the representative of a columella within.

This organ can be entirely transformed into leaves, no one, in this

plant, supposing it to be the hollowed out apex of the stem ; therefore I

am inclined to believe that if carpellary leaves are employed to form

the peristome of mosses, of which there can be scarcely a doubt, that

it is their apices which constitute this portion, and that others, by
their united edges, form the theca.

When the floral organs of the higher order of plants are examined,
an involucrum, calyx and corolla, besides the sexual organs, are oc-

casionally found in the same flower
;
others more commonly possess

calyx and corolla only, but many only a calyx. When we examine

the fructification of mosses, it is found that the most simple have no

peristome, that others have a single peristome, and that certain others

have a double peristome. From the delicate dissections of these parts,

by Valentine and others, it is shown that the peristome is connected

with a membrane lining the theca, and does not spring immediately
from its margin, showing that there are two organs, one within the

other. This fact makes me consider the theca and operculum to be the

representatives of a consolidated calyx, and that the corolla is the lining
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membrane, whose fringed edge constitutes a peristome, which is either

single or double, and appears to be the representative of the repro-

ductive apparatus ;
and the columella is the receptacle, torus or axis

on which these several organs are arranged. The calyptra being the

analogue of the bractea or involucrum.

This view is apparently more conformable to the presence of sto-

mata on the theca, which have been noticed by Treviranus, Bruch

and Schimper, and Valentine, because if the latter organ be really com-

posed of leaves, we may therefore, I imagine, more reasonably account

for their existence there than by supposing it to be the excavated

apex of the stem, such as occurs in an Escholtzia, for the seta is not

an organ likely to be furnished with such pores.

The facts which have been stated, which I believe have not been

before described as occurring in a moss, are some of those which, by
a little interruption to the ordinary plan of Nature, allow us better to

understand some of those plain yet perfect principles of operation,

which become more and more evident to us, as we examine the sub-

jects of Natural History.

EXPLANATION OF PART OF PLATE XIX.

Fig. 5. Plant of Tortula fallax, in its altered condition, showing the elongated seta

bearing minute green leaves.

Fig. 6. Plant of the same in its natural state.
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XXIII.— On a Lever Movement to the Stage of the Microscope.

By Alfred White, Esq., F.R.S., &c.

Read November 15, 1843.

The lever movement to the stage of the microscope having been

very recently under the consideration of the Society, I am induced to

lay before you a description of the plan I have used during the last

three years, and find it much more convenient than the rack and pin-

ion, or the screw.

It does not at all depend upon a particular construction of the

guides to the stage, but only to the motion of its upper plate, or the

one upon which the object to be viewed is placed; therefore to a stage

with three, or to one with two plates, this plan is equally applicable.

It consists of a lever D, E (Plate xx.), to the shorter arm of which

the ball B is firmly screwed, and moves in a socket formed by the

upper plate of the stage A, and the cap C, which is a brass plate se-

cured by two screws. This lever passes through the perforated ball,

F, which moves in a socket formed by the arm G, which is attached

to some immoveable part of the microscope, and the cap H, formed

and secured as C.

The lever I have used is about 5 inches long, and has its longer

arm E = 3, and the shorter, D, = 1, when in the position represent-

ed in fig. 1, (Plate xx.). But this proportion, when in use, is not

constant, as will be seen by fig. 2; for the longer arm of the lever hav-

ing been elevated and the shorter one depressed, and the ball B hav-

ing travelled in a straight line to 5, instead of a portion of a circle, it

will be found that the shorter arm has increased by a quantity equal
to the space between 1/and 2/, and for this reason the ball F is per-

forated to enable that part of the lever to move easily, though without

shake.

As the end of the lever to which the hand is applied moves in all

cases in an opposite direction to the ball B
;
and as the compound

microscope inverts the image of the object viewed; it follows that the

object will appear to move in the direction of the hand : and as for

each position of the ball B, there is but one in which the other end of

the lever can be placed, if a certain portion of the object is seen at

any time, and it is required to bring the same part into the field again,

this will be done by placing the hand in the original position.
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I have stated before that this movement is applicable to any con-

struction of stage-guides ; I will now say a few words respecting its

application to the stage with dove-tail slides having plates moving

vertically and horizontally.

If applied to this kind of stage, it is as well to have the upper plate

move vertically, for in that case the longer arm of the lever and its

knob have to balance that plate only. But should the middle or se-

cond plate move vertically, then the lever must be sufficiently heavy
to support the two plates when the stage is in the position represent-

ed in fig. 1.

Fig. 3 represents this mode of movement applied to a three-plate

stage.

END OF VOL I.
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I.— On the Structure of the Ligament connecting the Valves

of Conchiferous Mollusks. By E. J. Quekett, Esq., F.L.S.

(Read March 20, 1844.)

In examining the creatures belonging to this class of animals, it

will be seen that Nature, for certain wise purposes, has so ordained

their existence as to make them inhabitants of the water, and either

to be fixed or have a limited power of locomotion, and has given them

a protection in the shape of a shell, of dense, unyielding, organized

materials, their structure being unfitted for an internal skeleton. This

shell in great measure serves to prevent their soft bodies from be-

coming the prey of the voracious inhabitants of the deep, and also

for defending them against the violence of the waves ; to both of which

causes of destruction they would be continually exposed if this means

of defence were not given to their helpless frames.

In one division of the molluscous animals, the creature inhabits a

mansion formed more or less in a spiral form. This is enlarged

by new growths to the orifice as the necessities of the occupant de-

mand, and is generally much larger than the animal within, which

can retract itself to some distance in its interior in the time of danger
from the pursuit of its enemies. It often occurs in certain species,

in order to render this abode more secure, that the animal has at-

tached to it an organ, formed generally of the same materials as the

shell, called an operculum, which it has the power of drawing after it,

and which effectually stops the mouth of the shell, and so beautifully

is it fitted that it would defy the best workman to adapt a piece in the

like manner.

With this barrier against its enemies, the creature can live securely,

much more so than even we ourselves can, when we endeavour by the
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same means to keep out intruders from our habitations. This oper-

culum is capable of being adjusted so as to be suitable for its pur-

poses.

If we can imagine that this moveable operculum could be jointed

by a hinge or some such contrivance, to the edge of such an univalve

shell, we should then see that this condition of structure would be

analogous to a rudimentary valve, though it would be very unlike the

other, still the transition from this arrangement to a shell composed
of two more or less equal valves can be very easily reconciled.

The creatures inhabiting a shell composed of two more or less

equal valves are denominated by zoologists
" conchiferous mollusks,"

and the shell is termed a bivalve, in contradistinction to that inhabited

by the other division of molluscous animals of which we have just

spoken, which is denominated an univalve.

With this compound mansion it is requisite that there should be

provided an apparatus by which these valves may be opened for the

purposes of the creature within, and closed against the enemies with-

out. It has been said that in those which occupy a single valve,

the opening and closing of the orifice of the shell is effected by
the protrusion arid retraction of the creature's body bearing an oper-

culum.

In the conchiferous division these methods do not obtain, and it is

found that an apparatus exists which is compound in its nature, and

not a portion of the animal as far as the great purposes of nutrition

and reproduction are concerned, by which these actions are secured

to these creatures.

One of these organs is muscular, its action depending on the will of

the animal. The other is mechanical, that is, the action is effected

by a power something analogous to elasticity, which is not destroyed

even by death, but continues for a considerable period to possess this

property.

In all conchiferous animals the closing of the shell is effected by
one or two powerful muscles extending from one valve to the other at

some convenient spots, depressions, or want of nacre or polish, gene-

rally indicating the attachment.

The contraction is exceedingly powerful, and the creature is capa-

ble of maintaining it for a lengthened period. The position of the

muscle for effecting the closing of the shell, is placed generally not

far from the centre, and maintains throughout the growth of the shell

a relative distance between the hinge and the margin of either valve.

On the inner side of the muscle are generally some ligamentous fibres,



which prevent, by their want of elasticity, a separation of the valves

beyond a given distance, so as to take off from the muscular power

anything in the shape of continued strain from elongation.

So far the observations have reference to vital endowments of the

animals inhabiting bivalve shells, but it is chiefly to the character of

the mechanical and physical condition of the hinge and ligament that

this paper has particular reference.

If we examine the ordinary species of the Conchifera, we shall find

that the majority present certain eminences and depressions which

correspond in the two valves, and constitute what is denominated the

hinge. This hinge varies materially in different genera : in the genus

Spondylus the processes are so perfectly connected, that notwithstand-

ing there is freedom of motion for a certain distance, the valves can-

not be separated without a fracture of some of the processes ; whilst

in Pinna no processes exist, a ligamentous material forming the

hinge.

Generally speaking, however, there are to be found certain eminen-

ces and depressions which are more or less developed, which form a

kind of joint or hinge, whose presence prevents the valves only from

slipping either forward or backward ; the ligamentous structures keep-

ing them in contact and completing a true joint.

It has been already stated that the opening of the shell is a mecha-

nical action, effected by the ligament on the valves, on account of its

being situated in such a position that its power may be effectively

employed.
It would appear from Dr. Roget's

'

Bridgewater Treatise,' vol. i.

page 218, that this ligament had one universal position, and that its

compression by the adductor muscle was the cause of the elastic

power by which the valves are opened, it being there stated that " the

closing of the valves produces in all cases a compression of the carti-

lage, the elasticity of which tends, therefore, to separate the valves

from each other, that is, to open the shell."

If the most common bivalve shells be examined, such as the cockle,

mussel and scallop, it will be seen at once that the former has the

ligament external to the hinge, and the two latter have the ligament
internal to the hinge, and in all these examples it is a power residing

in the ligament that opens the valves.

Now it is very evident that a power before the fulcrum and a

power behind the fulcrum, producing the same effect, must operate in

a manner the converse of each other, that is, the ligament before the

hinge, in order to open the valves, can only do so by expansion after

B 2



compression, whilst the ligament behind the hinge, can only effect the

same end by contraction after being elongated after the closing of the

shell by the adductor muscles.

This contrariety of action induced me to examine the structure of

the ligament in those shells that have come within my reach, and I

now propose to detail the results of my investigation.

In directing the attention to the different bivalve shells, it can

readily be observed, without the assistance of the microscope, that

in those shells in which the ligament is in front of the hinge, its

structure appears horny and homogeneous, whilst, on the contrary, in

those shells where the ligament is beyond the hinge, the structure of

this organ appears to be composed of two distinct portions
— an ex-

ternal, which is ligamentous and unyielding, and a central portion, in

which appears to reside the power of contraction. This latter, in the

dry state, appears friable and of a whitish colour, whilst the former

possesses a black colour and a vitreous fracture.

Structure.— In examining the structure of the ligament placed be-

fore the hinge, it will be found that in certain species of Spondylus
and Pecten, this organ manifests no perceptible structure, being to all

appearance structureless, like
" Indian rubber," whilst in other ex-

amples, as the pearl oyster, it is fibrous, and in the common mussel

{Mytilus edulis), a very singular structure is discernible.

If a portion of the ligament taken from this animal be cut so thin

as to be transparent, it will appear under a high magnifying power to

be composed of a dense tissue, without any particular structure, in

which are certain small channels, or lacunas, filled with fluid ; from

this arrangement it would appear, that when the ligament is com-

pressed by the adductor muscles approximating the valves, the

presence of fluid in these lacuna; (by being incompressible) serves to

render more tense the ligamentous structure, and thereby increase its

elasticity.

When the attention is directed towards the structure of the ligament

placed beyond or outside the hinge, it will be found to be composed,
as already stated, of two substances possessing a different organiza-

tion. This fact has been long known, for Dr. Roget, in his
'

Bridge-

water Treatise,' vol. i. page 217, says, "This ligament is composed
of two kinds of texture, the one which is always external is strictly

ligamentous, that is, perfectly inelastic; the other has more of the pro-

perties of cartilage, being highly elastic, and formed of a parallel

series of condensed transverse fibres, directed from the hinge of one

valve to the similar part of the other, and having generally a deep
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black colour and a pearly lustre. The cartilage is always situated

within the ligament, sometimes in immediate contact, and forming
with it one and the same mass ; at other times placed at a distance,

in a triangular cavity amongst the teeth of the hinge."

It will be evident by a few examinations, that this statement, which

is intended to convey a general idea of the structure of all kinds of

hinge ligaments, is not reconcileable to all examples, but only to some

particular instances.

If we take a portion of the ligament of the oyster, cockle, Cardium

costatum or Tridachna Hippopus, we shall find the two structures

above referred to, the external exhibiting no marks of structure, whilst

the internal exhibits something remarkable.

On placing a fragment of the internal portion of the ligament of

Tridachna, it will be seen to be composed of numerous fibres, each

about the y^yq-th part of an inch in diameter, running parallel to each

other, and apparently crossed by others at right angles ;
but on sub-

mitting minute portions to very high magnifying powers, no trace

appears to exist of these cross fibres, but each fibre appears to

be composed of a cylinder, so formed as to present more or less trans-

parent and greenish markings, at regular distances from each other ;

and the coinciding of these distances or spaces, as the fibres lie side

by side, appears to give a transversely striated appearance. Nothing,

however, like the disks in muscular fibre is evident, nor is there a

spiral arrangement of atoms, but the stria? here visible are apparently

produced by some such method as they are on the primary fasciculus

of muscle, and there can be no doubt that this arrangement is con-

tractile, otherwise the shell could never have its valves opened when

the ligament is behind the hinge.

In examining one of these fibres more in detail, we find its length

to be uncertain, probably extending from one valve to the other. In

looking at it attentively, it appears to be of uniform diameter, and

from its tenuity it decomposes the light in its transit, but the light is

not decomposed uniformly, for there appear to be certain transparent

spaces separated by green-coloured spots, the green colour apparently

given by the decomposition of the light.

When we look to the office of this substance, which it appears evi-

dent is to open the valves, and which can only be done by this ma-

terial contracting like muscular structure, for when the shell is closed

it is overstretched, and contracts from elasticity. We have here a

considerable analogy between the one and the other in office : a con-

siderable analogy also exists between their structure, both being in
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their ultimate condition fibrous, and having these fibres containing

bodies, or appearing to contain them (at least in those belonging to

the shell).

No sort of resemblance appears between the external view of the

substance of the hinge and ordinary muscular structure, either in the

recent or dried state. When in the latter, the contractile portion of

the ligament becomes white and friable.

Like muscular force generally, the action of this material is placed
under a very disadvantageous condition as far as power is concerned,

having to act so near the fulcrum and yet to move portions so remote.

The power exerted by the ligament of the hinge must be immense

in certain cases, for instance, the great shell of Chama gigas has a

ligament containing this substance. No doubt this shell is opened

by some power, for we hear wonderful tales of ropes being bitten off

which have accidentally got between the valves ; now it is evident

that in order to bite, the valves of the shell must be opened a given

distance by some method, and no one doubts that the ligament is con-

trived for this purpose ;
and as in the ligament no structure appears

capable of contracting but that of which I have spoken, it is fair to

presume that this is the source of power. The two valves of this gi-

gantic conchiferous animal weigh frequently one hundred weight, con-

sequently the power to be exerted in order to separate one valve from

the other must be immense, as the ligament is not -^ part the distance

of the entire valve behind the hinge.

It appears extraordinary that an organ like this, so remote from the

animal, should possess anything more than physical powers, or should

possess any power analogous to muscle which can only be maintained

by the blood or vital fluid of the creature, and presence of nerves,

therefore, if this be endowed with contractile force, it offers a singular

anomaly in the animal kingdom.
It has appeared to me, that the condition of this organ has been

hitherto overlooked, and that its structure in the various species is de-

serving further investigation than that which I have bestowed upon
it ; still I have considered that there was sufficient interest in the ob-

servations that I have already made, to lead me to bring them

before the notice of this Society this evening.



II.— On some Phenomena connected with the Movement of
the Cilia in the common Mussel, (Mytilus edulis). By John

Quekett, Esq., Assistant Conservator of the Museum of the

Royal College of Surgeons of England.

(Read April 17, 1845).

Of all the various objects presented to us by the aid of the micro-

scope, none perhaps exceed in beauty and arrangement the phenome-
non that has been termed ciliary movement, which is found to occur

in more or less abundance throughout the whole of the various classes

of animals both of the vertebrate and invertebrate series. No one can

have witnessed this movement without having been struck with asto-

nishment at its great beauty, and at the same time having been led to

wonder by what species of mechanism such extraordinary effects

could be produced.
As various as are these movements, so in like manner various have

been the speculations on the probable use of such a series of organs

ts cilia. By some authors their movement has been attributed to a

nagnetic or electrical force, while one author in particular, viz.,

Laspail, has even gone so far as to deny the existence of cilia, and to

attribute their appearance to an optical illusion.

The motion of cilia appears first to have been discovered in the

Infusoria. Leuwenhoek may be said to have first noticed them
;

he mentions their occurrence in a species of Volvox, and recognizes

their use. Our countryman Baker, in the year 1744, described them

wiih tolerable accuracy in the wheel animalcule, and made a distinc-

tioi between their rotatory and vibratile motions. Since then they

hare occupied the attention of Needham, Spallanzani, Otto Frederic

Miller, and many other observers ; but the great improvements which

haTe been made in the microscope within the last few years, have

led to the conviction that there is scarcely an animal in which the

presence of cilia cannot be ascertained : and we are indebted to Mr.

Lister, Dr. Grant, and to Dr. Sharpey in particular in this country,

aid to Purkinje and Valentin abroad, for nearly all that we know of

tlis interesting subject.

In some animals, the cilia may be seen investing the whole outer

sirface of the body ; in others they are confined to the edges ; and
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in others to some part of the internal organs only. In the animal in

question, the common sea-mussel {Mytilus edulis), they principally

occupy the gills or branchiae, which are four in number, two on each

side, and are easily known by their being brought into view when the

shell is opened in the ordinary way, they being situated between the

two lobes of the membrane lining the shell, which is termed the man-

tle. Each gill is composed of a series of bars placed parallel to each

other, like the teeth of an ordinary comb, but with some connecting
bars in the shape of small protuberances between them ; besides this,

each gill consists of two layers of such bars, which are united together

at their edges, but have one layer free at the base, a few small bars

placed rather obliquely serve to connect the two layers of each toge-

ther. The edges where the union of the two layers takes place, are of

a rounded figure, and on these the cilia occur in the greatest abun-

dance, they being literally crowded with them on every part, but on

the bars there are two rows on each side, one of the rows being much

larger than the other, the large ones are more superficial than the

others, and their motion is not so rapid as that of the small ones, in

the former the beating or lashing motion is very perceptible, whilst

in the latter it occurs so rapidly as to present the appearance of a con-

tinued series of undulations. It is to certain phenomena connected

with the movement of the large cilia that I would direct the attentioi

of the Society this evening.

If one of the rays be placed under the microscope with the larje

cilia uppermost, when the movement is nearly stopped, each ciliwi

. • will be found (when viewed with a power of about 500 linear) to

present, besides the usual curved motion in a vertical plane, aro-

ther although slight yet important movement on itself, in a directbn

nearly at right angles to the preceding, which movement occupies

just one quarter of a circle, and is precisely analogous to that of ihe

quills in the wings in birds during their flight, or to what we are m#re

familiar with, viz., the feathering of the oar in rowing. When we con-

sider the fact that the fluid acted on by the movement of the cilit is

always propelled in one direction, we are at a loss to imagine how sich

could be the case ;
if the cilia had only an upward and downward no-

tion, why should not the current of water proceed first in one direc-

tion and then in the other ? To get over this difficulty, and to accoint

for the fact according to this view of the subject, the downward strole,

or that which impels the water, must be performed in a much less space

of time and with a greater degree of force than that in the backwaid

direction, but the problem can be easily solved by allowing that the
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cilia are broader in one direction than in the other, and by giving to

each of them a motion similar to that of the feathering of an oar,

which has been before alluded to, and which I have found to be really

the case.

To see this feathering movement in the most satisfactory manner,

the cilia must have become nearly quiescent ; and if that portion

which is attached to the gill-ray, and which, for the sake of distinc-

tion, may be termed the root, be carefully examined, it will be found

to make a circular movement whilst the filament itself is being bent up-

wards or downwards, the cilia also become alternately light and dark,

in consequence of their being of a flattened figure, and the circular

movement causes them to present at one time the broad surface, and at

another the edge. The root of each cilium is of a globular figure, and

Ehrenberg supposes that minute muscles are attached to this part,

which give to it all its motions. In a preceding portion of the paper

it was stated that there were two rows of cilia on each of the bars,

the one much larger than the other, and differing in their motions, the

one up and down in a vertical plane, the other quick and undulatory ;

and it would appear probable that the large cilia, by their motions,

may cause the currents to and from the shell, whilst the smaller ones

may be for the purpose of keeping in motion all the fluid which had

entered between the laminae of the gills.

In conclusion I would beg leave to state that at all times it requires

some little care to get a satisfactory view of the motions above de-

scribed ;
an hour nearly should elapse from the time the portion of

gill is cut off until it be examined, and then the observer can hardly

fail in making them out.

Having examined all the books I could think of which relate to the

subject of ciliary movement, I have found that no notice has been

taken of it, and deeming the subject of sufficient interest, I was indu-

ced to lay the same before the Society this evening.
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1 II.—Some observationa on the Natural History of the Eehinococcus

By Geokge Busk, Esq., F.M.S., &c.

(Read November 13, 1844).

By the Eehinococcus I intend to signify the minute animalcule

which is found in hydatid cysts in man and other animals.

The simple cysts containing these animalcules, are always situated

in cavities in the interior of the animals infested by them. These ca-

vities may be situated in any part of the cellular tissue of the body, but

they are more usually found in the solid viscera, and most frequently

in the liver and lungs, especially in the lower animals. I farther as-

sume as proved, that all unadherent cysts, contained in such cavities

as these, are of the same kind, and that although they differ in some

respects in man and animals, they may be considered as of the same

species in both, and that they all, without exception, contain Echi-

nococci. And I farther express my conviction that these are the only

species of non-adherent cyst contained in cavities, at present known.

The proofs of these positions it would be perhaps out of place to ad-

duce on the present occasion, as such an inquiry would not come with-

in the scope of this Society. And I would only refer those who are de-

sirous of satisfying themselves on these points, to a very complete and

recent monograph on the subject of Echinococci, by M. Livois, to

which I am indebted for the greater part of the short historical notice

of the subject, which I will in a few words intrude on your attention

before proceeding to those points more immediately interesting to the

microscopic observer.

The history of the Eehinococcus proves to us, that but little has

been added to our knowledge of it since the first description by

Pallas, in 1766, and who, had he been assisted by better optical ap-

pliances, would apparently have left little or nothing to be added, at

least up to a certain point.

The animality of hydatids was first discovered by Hartmann, as far

back as the year 1685, and Tyson in 1691, and the subject was re-

sumed by Pallas in 1766 and the following years.

He first recognized the probability that hydatid cysts were always

produced in connexion with an animalcule or worm similar to the

Cysticercus (Zeder), and he says "that it is probable that the non-ad-

herent hydatids sometimes observed in the human body, are either ;i
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species of the T&nia vesicularis properly so called, or of those singu-

lar hydatids which I have remarked and described in the livers and

lungs of calves and sheep, and which ought certainly to be attributed

to a living creature, and which are evidently organized, at least as far

as regards the interior pellicle, which is studded with granulations."

And he remarks that "the vermiculi, furnished with a coronet of hooks

and four stigmata, which are enclosed in the vesicles, are possibly a

development of the globules which I had remarked (on their inner

surface.)"

Pallas seems also to have been aware of the great similarity, if not

of the identity, of the hydatid of man with that of animals, and of the

different states in which they are found in each case.

The next writer who describes these animals is Goeze, in 1782,

who very accurately describes the appearance of the animal and the

situation and form of the hooks. He arranged them between the Cys-
ticercus and the C<enurus, and he points out the differences between

them and the latter, with which Pallas had been inclined to confound

them. He was of opinion also, that the vermiculi were connected to

each other by a membrane or mucous pellicle, and that they had no

adherence to the walls of the cyst : an error maintained, as we shall

see, by later writers, and even by M. Livois himself.

In 1796, however, this adherence was observed by Blumenbach, in

hydatids from the lungs of an ape.

In 1800 Zeder gives an account, though rather a confused one, of

hydatids in the brain of a woman, and he makes it a species of Cysti-

cercus. Up to this period it appears to have been the universal

opinion that hydatid cysts always contained these animalcules, and

the first writer of note who threw doubts on this subject was Laennec

in 1804, who gives a most accurate description of the hydatid cyst,

and the granulations which he observed adherent to its walls. He
describes the granulations as composed of several individual vermiculi,

which under the microscope he says are very nearly like the Cysticer-

cus. He remarks the presence of the small, transparent, ovoid bodies

in their interior. He was unable to determine their mode of adhe-

rence to the walls of the parent cyst, though he observed in one or

two a sort of filament, which hung from the posterior part of the body.
Laennec drew this description from hydatids taken from the liver of

sheep. After reading this, it appears very extraordinary that he

should have made the mistake he did when he came to examine the

same creature in the human subject. He had already remarked the

exact resemblance that the cysts in both cases bore to each other,
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and he even saw what he calls colourless or oviform granulations, in

those taken from the human subject, and which he supposed a mode
of reproduction of the cyst

— which he considered to be animated,

and of which he constitued a distinct genus under the name of

Acephalocyst. Rudolphi opposed this opinion of Laennec, and in

1808 again divided the class of vesicular worms into four genera:
1. Cysticercus. 2. Anthocephalus. 3. Canurus. 4. Echinococcw,
under which he included those worms which were collected in large

numbers in a common cyst, without, however, adhering to it in

any way.
He subdivided the genus into three species, but has been unable

to point out any distinctive characters between them.

After this, MM. Desmarest and H. Cloquet committed the extra-

ordinary error of confounding the cyst itself with the animalcule, an

error participated in also by Bremser, in 1817, although he mentions

the contained animalcules ;
of which, however, he appears to have had

a very obscure notion. He, however, recognized their animal nature

in the globular corpuscles taken from cysts found below the clavicle

of a woman.

Numerous other writers have more or less accurately treated on the

same subject, but I will only farther advert to the researches of

Kuhn, and to his opinions, which have so much modified the views

of naturalists since his work appeared in 1832.

He adopted the erroneous opinion of Laennec, as to the reproduc-
tion of the Acephalocyst by buds detached from its internal surface,

but to this he added another error, viz. : that in one kind this propa-

gation took place by gemmules detached from the exterior of the

cyst. The former of these species, or those propagating themselves

by the detachment of cysts from the inner surface of the parent, he

states to be peculiar to man, and the latter to animals. The former

he termed Acephalocystaz endogenic, and the latter A. exogena.

And it would be as well here, at once, to advert to the difference

which really does exist between the cysts of the Echinococcus as found

in man and in animals. A difference whose cause I am unable to

assign.

In man, and in the ape tribe,* hydatid cysts are always found en-

closed in large numbers, and of very various sizes, in the same cavity ;

and these hydatid cysts are always globular and even in their form : but

* Since this paper was read I have met with an instance of the multiple hydatid

in the lungs of a pig.
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in the Ruminantia the cyst of the hydatid is always solitary in its ca-

vity, all the anfractuosities of which it accurately fills, and its shape
is consequently very irregular. Another difference exists in the cir-

cumstance that, in man and the Simiadce, the disease is usually con-

fined to a single locality, while in the Ruminantia, hydatids are

generally found disseminated in various viscera at the same time.

Both circumstances, perhaps, indicating a greater difficulty to the

dissemination of the seeds or eggs in the one case than in the other,

probably in consequence of some difference in the constitution of the

fibrinous layer which lines the containing cavity. In England, al-

most the first observation as to the connexion of hydatids and Echi-

nococci, is that by Mr. Rose, in 1833 (Medical Gazette), who appears
to think the connexion only occasional. They were afterwards treated

upon more fully by Mr. Curling, in 1837.

In 1839, in the *

Cyclopedia of Anatomy and Physiology,' Mr.

Owen repeats some of the errors of Laennec and others, and gives as

figures of the human Echinococcus the incorrect representations of Del-

leChiage, but he adds from his own observation, what does not appear
to have been seen by any other observer, viz., a description of the

mode in which the Echinococci swim about in the fluid of the cyst

by means of vibratile cilia. He also in another paper appears to

consider the hooklets of the retracted head of the animalcule as resem-

bling the teeth of the polygastric Infusoria, the stomachs of which,

also, he considers the transparent vesicles seen in the body of the Echi-

nococcus, to resemble, and the whole animalcule, he hints, should be

classed rather with \he polygastric Infusoria than with the cystic Ento-

zoa. I will only remark upon this, that the cilia cannot be seen un-

der any circumstances in the dead state of the animal, and that the

true nature of the teeth or hooklets is too evident to allow of the above

supposition being entertained.*

I will now briefly describe the Echinococcus and its containing

cyst.

* In his lectures on the comparative anatomy of the Invertebrata, Mr. Owen re-

peats these observations, and then remarks on the absence of cilia in some dead Echi-

nococci from a deer.

He also appears to consider them more as parasites of the Acephalocyst than as

having any more intimate relation with it.

It is to be remarked that in those he himself observed, he did not notice any sucto-

rial disks.
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The cyst of the Echinococcus is contained, either singly or in num-

bers, in the interior of a cavity lined with an organized false mem-

brane, to which it has no kind of adhesion whatever. It is found of

all sizes, from that of a pin's head to many inches in diameter, and

the thickness of the walls bears some, but no definite relation to the

size of the bag, and in the larger cysts is not uniform. When re-

cent, the cyst is transparent and colourless, but it soon becomes

more or less opaque on immersion in water or spirit ; in the for-

mer it swells if flaccid previously, and in the latter it shrinks by
exosmosis.

The walls of the cyst are composed of numerous very delicate la-

minae, of a diaphanous substance, which, in the opaque state, and

under a high power, exhibit a very minutely granular aspect. All the

lamina) are of extreme fineness, but the inner ones appear to be thin -

ner and more readily detached than the more external ones, and the

innermost of all is uneven and granular on the surface, and has adhe-

rent to it, in the natural and undisturbed state, the bunches or small

masses of Echinococci ; or rather these masses appear to be attached

to the next layer to the innermost, which is prolonged over and enve-

lops them. This may be better understood by inspection of the sub-

joined diagram.

Small opaque masses are seen here and there disseminated in

the substance of the walls. The walls of the cyst are very elastic,

and when a puncture is made in them the fluid is ejected with con-

siderable force, and at the same time the internal membrane is usually

detached, together with the adherent vermiculi, aud both are either

expelled with the fluid or fall together to the bottom, forming a gluti-

nous membraniform mass, in which it is sometimes difficult to find

the Echinococci. All the cysts contain vermiculi, and the latter are

probably not always more numerous in proportion to the size of the

cyst.

The fluid contained in the cyst is limpid and colourless, and when
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the cyst has not been disturbed and is quite recent, it exhibits under

the microscope only the Echinococci, and occasionally some irregular

granular masses.

The Echinococcus.—When a large hydatid cyst, for instance, in

the liver of a sheep, very shortly after the death of the animal, is care-

fully opened, at first by a small puncture, so as to prevent the too

sudden exit of the fluid and collapse of the cyst, its internal surface

will be found covered with minute, opaque granulations resembling

grains of sand. These bodies are not uniformly distributed all over

the cyst, but are more thickly situated in some parts than in others.

They are detached with the greatest facility and on the slightest mo-

tion of the cyst, and are rarely found adherent after a few days' delay.

When detached, they subside rapidly in the fluid, and consequently

they will then usually be found collected in the lowest part of the

cyst and frequently entangled in fragments of its innermost thin mem-
brane. When some of these granulations are placed between glass,

under the microscope, each will be found to be composed of numerous

individual Echinococci, more or less closely packed together, and en-

veloped almost entirely in a delicate membrane, PL 1. fig. 1. Upon
farther pressure being employed, it will be seen, after the rupture of the

enveloping membrane, that the Echinococci composing the granula-

tions are all attached to a common central mass by short pedicles,

which, as well as the central mass, appear to be composed of a

substance more coarsely granular, by far, than that of which the

lamina? of the cyst are formed (fig. 2). This granular matter is pro-

longed beyond the mass of Echinococci into a short pedicle, common
to the whole, and by which the granulation is attached to the interior

of the hydatid cyst as above described.

Fig. 2 also shows the mode of interunion of the Echinococci, and the

fusion of their separate pedicels into a central mass of granular mat-

ter; and it is particularly to this point in the description of the Echino-

cocci that I wish to call your attention, and to assure you of its reality,

for it is one of those facts, which, though noticed by the earlier wri-

ters on the subject, has never been clearly described or figured, and

any adhesion between the Echinococci and the cyst has been repeat-

edly denied by some of the first authorities on the subject, and par-

tiularly by M. Livois, whose monograph shows the great pains and

attention he has devoted to this subject, and whose observations and

descriptions in other respects so minutely correspond with those I

have been able to make.

The Echinococcus occurs in two forms, viz., with the head
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and circlet of spines retracted or exserted. The former con-

dition alone is that in which I have observed this animal in

the fresh state. The other form 1 have myself only met with as the

apparent consequence of incipient decomposition, and it has seemed

to me to have arisen under these circumstances, from the imbibition

of fluid swelling the body of the animal.

In the more usual state, or that in which the head is retracted with-

in the body, the vermicule presents an ovoid form, flattened at the

poles, and having a depression or notch more or less evident at each,

(fig. 2.) The depression at the anterior cephalic or unattached extre-

mity, is the orifice of a canal leading into the middle of the body, and

by which the head with the circlet and hook is protruded. The dou-

ble line proceeding from this orifice divides into two branches in the

centre of the body, as is seen in the figures, and below this division

is the circlet of spines on the retracted head. At the opposite poste-

rior, caudal, or attached extremity of the body, the depression marks

the place of insertion of the pedicle ;
it may be observed that this

pedicle appears to perforate the outer tunic of the body and to be

continuous with the granular matter in its interior.

I have not given any figure of the Echinococcus with the head pro-

truded, as I believe they never occur in that state in the attached

masses, and only when the animal has been spontaneously detached

and perhaps farther developed, or as the effect of changes indicative

of commencing decomposition. M. Livois' description of it, which is

very accurate, states that "
It is transparent throughout its whole ex-

tent, and about the middle of its length it exhibits almost always a

sort of contraction, which separates into two portions. One posterior,

more slender, which may be considered as its caudal vesicle; the

other anterior, more swollen, upon which are placed the important

organs of the little animal, viz., the hooks and suckers, and this may
be regarded as the head of the worm."

This extremity is terminated by a hemispherical point, transparent

and imperforate. The base of this elongated extremity or proboscis

is surrounded with a double row of spines or hooks, which precisely

resemble those of the Tania and Cysticerci, and are falciform, with

a process or apophysis on one side, probably for the attachment of

a motor muscle. They are very sharply pointed, and some are larger

than others, and the longer ones are those of the anterior row, and the

hooks of each row are placed alternately. The arrangement of these

spines is precisely the same in the Echinococcus of man and of ani-

mals." With reference to this point of the anatomy of the Echinococ-
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cm, ray own observations do not, as yet, allow me to express a posi-

tive opinion where so much difference exists among observers. But

I am inclined to say that there is but one row of teeth in the crown.

For the same reason, that I have not observed the animal in the deve-

loped state sufficiently, I can say nothing about the four suctorial

disks described by all writers on the subject, and which, at all events,

are not visible in the animal when the head is retracted. And M. Livois'

supposition, that suckers like this must always be present in Entozoa,

with hooks at the cephalic extremity, is obviously unsupported by

Nature, for the whole class of Echinorhynchi have no suckers what-

ever, and yet find no difficulty apparently in infixing their heads into

the mucous membrane of the intestines.

The body of the Echinococcus is covered with a thick, transparent

membrane, the inner surface of which is rough, the outer smooth, and

there appears to be a very narrow space between the inner surface of

the tunic and the central granular matter. It is in this space, or be-

tween the outer tunic and the central granular matter, that the pecu-
liar and curious transparent oviform bodies are placed, and only in

this situation, and they are not, as most suppose, disseminated

throughout the parenchyma of the animal.

This disposition of the transparent oviform bodies may be ascer-

tained by inspection, having care to focus the glass slowly, and also

by observing their annular arrangement on the lateral margins of the

body, where the space in which they are situated is, as it were, seen

in profile.

This position of them may also be proved by a simple experiment.

If a drop or two of acetic acid be added to the Echinococci in a glass,

the outer tunic will be seen immediately to swell or bulge out irregu-

larly, and finally to burst and disappear, being, in fact, dissolved, and

together with this, the transparent bodies escape, and also quickly

disappear, leaving the body of the animal but little diminished in size

or much altered in form, and without a trace of the oviform bodies,

or spaces where they could have been. The same change also occurs

as a consequence of decomposition, and in preparations that have been

long kept or ill kept, this deprivation of the external tunic and subja-

cent oviform bodies, gives the animal an appearance altogether diffe-

rent from its true one, although some of the published figures appear
to have been drawn from such altered specimens.
The same considerations and the same simple experiment prove

that the body of the animal is composed internally of a tolerably solid

material, and is not simply a vesicle containing fluid, as it is usually

TRANS. MIC. SOC. VOL. II. C
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described ; and this central solid material appears to be very similar

to that of which the pedicles are composed.
la specimens preserved in spirits, Echinococci of all imaginable

forms and appearance may be met with,
—differences owing to decom-

position or mechanical injury; and in many cases no trace of them can

be found except the hooklets or spines, which, like the fossil remains

of animals, in Geology, remain as certain indications of their source,

and not unfrequently afford the only proof we can obtain of the true

nature of the hydatid.

With regard to the mode of propagation of these animals, I have

nothing to advance further than to state, that I conceive the aggregate

adherent masses to be a stage probably in their development, and

that they proceed from a sort of gemmation, as described by Siebold

(Physiologie de Burdach).

I will further remark in reference to this part of the subject, that

in almost all the aggregations of Echinococci, are to be seen, besides

the perfect Echinococci, one or more of a very different appearance,
and of various shapes, rounded, clavate or oval, also attached by a

pedicle to the central common mass, and usually rounded at the other

(figs. 2, 4, a, a, a), composed of a granular material, denser apparently,

and of a deeper colour, than that of which the bodies of the perfect ani-

mals are composed, and increasing in density or coarseness towards

the free extremity. Of their true nature, if they are not partially de-

veloped Echinococci, I am unable to speak. I do not consider the

transparent oviform bodies as ova. Some of them have a small cen-

tral spot or nucleus, and of their true nature I am also ignorant.*

Much observation is yet required to determine the mode of the dis-

semination of the Echinococci in the bodies infested by them, as well

as in the matter of their own reproduction. Upon both which points

I had hoped to have been able to offer a few novel observations,

but am prevented by the great scarcity this autumn of hydatids

in the Ruminantia, probably in consequence of the long-continued

* Since this paper was read, in examining some Echinococci obtained from the

liver of a man who died in Guy's Hospital, I observed a fact which may probably

throw some light upon the nature of these oviform bodies or spaces, and in some mea-

sure justify Mr. Owen's comparison of them with the stomachs of the polygastric In-

fusoria. In this instance the hydatid cysts were contained in cavities of the liver, and

bathed externally by a fluid deeply coloured with bile. The proper fluid, however,

of the cysts themselves, was limpid and colourless as usual, but many of the transpa-

rent oviform bodies of the vermiculi were of a bright yellow colour, which I suppose

to have been derived from the fluid external to the parent cyst.
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drought. I have been unable to obtain a single specimen for many
months

;
and as any observations made upon these bodies must be

made upon very recent specimens, owing to the rapidity with which

their form is modified by post mortem changes, I have thought it

better to defer them to a future opportunity.

EXPLANATION OF THE FIGURES, PLATE I.

Fig. 1 . A granular body, or mass of Echinococci, contained in a delicate membranous

envelope.

Fig. 2. Represents the mode in which the Echinococci are mutually attached and

connected to a common central substance (a), vide Fig. 4, a.

*Fig. 3. An Echinococcus with the head, &c, protruded, the effect, probably, in this

instance at least, of endosmosis after the death of the animal.

Fig. 4. a, a, a, and Fig. 2, a, Partially developed Echinococci P found intermixed

with the more completely formed ones, in the granular bodies.

* At page 16 it is stated that no figure of the Echinococcus with the head protruded is giveD, nor was it

my intention at first to exhibit one, hut I have since thought it better to substitute the present figure of an indi-

vidual in that condition, in place of the original
"
Fig. 3," which represented the creature in the opposite state.

Its appearance, however, in that condition, is sufficiently shown in Fig. 2. With reference to this figure I

would observe that the rounded projections on each side of the neck appear to be what are usually termed the

suckers, but I conceive they can be otherwise explained, as 1 hope to show at a future occasion, should I be

allowed to present some further observations on the subject.

c 2
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IV.— On Animals of the Chalk still found in a living state in the

Stomachs of Oysters. By the Rev. J. B. Reade.

(Read December 11, 1844).

"Si l'Auteur de la Nature est grand dans les grandes choses, il est tres grand dans

les petites."
—J. J. Rousseau.

Many years before Geology was a science, it was observed by my
relative, Dr. Paley, in his 'Natural Theology,' that "we never get

amongst such original or totally different modes of existence as to

indicate that we are come into the province of a different Creator,

or under the direction of a different will." This remark had exclusive

reference to living species of plants and animals in distant regions

and under various climates, and it has been extended by Dr. Buck-

land to all the various extinct forms of many preceding systems of

organization which we find entombed within the bowels of the earth.

But while we thus recognize the constancy of Nature's law amidst

the infinity of its modifications, it has been discovered, or, rather, as-

serted, that there is a break in the great geological chain of organized

beings, and that a link is wanting to connect the cretaceous and ante-

cedent series with the series of subsequent formations. In the pri-

mary and secondary formations, and again in the tertiary and recent,

there is, in some cases, an absolute identity of organic structure in

their respective animal or vegetable remains, which is supposed to be

altogether wanting between the secondary and tertiary.
" Below the

tertiary formation," says Prof. Phillips, "are no recent species."

From this point, therefore, the work of creation is dated anew, and

upon this supposition is founded Mr. Lyell's arrangement of the sub-

division of the tertiary system, his Eocene period, or dawn of our

present animal and vegetable kingdoms, being coincident with the

third geological era. About five years ago Dr. Mantell evidently felt

some misgivings as to the accuracy of these views. He adopts Mr.

Lyell's arrangement as one of great utility in the present state of our

knowledge, but he adds,
"

it appears probable that it may require

considerable modification, or, perhaps, be afterwards altogether aban-

doned with the progress of geological research, for it cannot be

doubted that strata in which no recent species have been found may

yield them to more accurate and extended observation." It is re-
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markable that the converse of this supposition has actually obtained,

and our modern seas have yielded living forms hitherto characteristic

of the chalk formation, and regarded as antediluvial. The merit of

this discovery rests with Prof. Ehrenberg. His elaborate researches

were communicated to the Royal Academy of Berlin, and translations

of the original papers, by Mr. Francis, have been published in this

country in Taylor's
'
Scientific Memoirs.'

I have now the pleasure of communicating to the Microscopical

Society some observations of my own which confirm all the important

conclusions arrived at by Ehrenberg, and are fortunately capable of

easy verification. It will not be necessary to send for sea-mud from

Norway, or for Peruvian or Mexican sea-water ; half-a-dozen native

oysters, or, in truth, I may say, the stomach of a single oyster, will

often afford us ample proof of the uniformity and identity of organic

life in distant ages of the earth, and leave us in no doubt that the

dawn of the organic creation co-existent with ourselves, reaches fur-

ther back into the history of the earth than has hitherto appeared.

The well known ciliary currents in the fringes of the oyster, in-

duced me to examine the contents of the stomach, under the expec-

tation of finding some minute forms of Infusoria ;
for it seemed but

reasonable to infer that the absence of locomotive power and the con-

sequent inability of seeking for food, might be compensated by so

beautiful a contrivance for ensuring constant nourishment. My ex-

pectations were fulfilled and surpassed. In the stomach of every

oyster I examined, and in the alimentary canal, I found myriads of

living monads, the Vibrio also in great abundance and activity, and

swarms of a conglomerate and ciliated living organism, which may be

named Volvox ostrearius, somewhat resembling the Volvox Globator,

but of so extremely delicate a structure, that it must be slightly char-

red to be rendered permanently visible.

This result, though highly interesting in itself, and marking so

clearly the especial function of those instruments which fit the oyster

for its peculiar place in the scale of created beings, is nevertheless of

inferior importance, in a geological point of view, to some other re-

sults to which the presence of other Infusoria in the stomach of the

oyster conduct us. These Infusoria I will briefly enumerate. They
have siliceous loricae, and belong to the family of the Bacillarice,

and some of these in their fossil state constitute the chief bulk of the

chalk.
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They are the following :
—

Actinocyclus senarius Gallionella sulcata

Ceratoneis Fasciola Navicula Entomon

Coscinodiscus minor Tripodiscus Argus
Patina Xanthidium furcatum

radiatus hirsutum

Dictyocha aculeata Zygoceros Rhombus
Fibula Surirella

Speculum And two new species ofthis genus.

All the above, together with some well-known recent species of the

same extensive family of the Bacillarice, I have found in the sto-

machs of oysters. That they are not the detritus of chalk or chalk-

marl, although identical as to species with the fossils of the chalk, is

decided by the fact of my finding several of them alive ; and even in

the dead specimens there are the same distinct remains of ovaries and

other organic details, which enabled Ehrenberg to pronounce with

perfect accuracy that many similar dead forms had been recently in

a living state. If further proof be required, it may be furnished by
the process of charring, which immediately blackens the yellow

membranous integument of several of the species.

We must not expect to find the same species of Infusoria in this

new locality during every period of the year. Like creatures of a

larger growth, oysters live on the food which is successively in sea-

son ; and I find, in point of fact, that even a different shore is marked

by a decided difference in the infusorial contents of the stomach.

The "Scotch Natives" are characterized at the present time, by innu-

merable minute circular forms, resembling the Coscinodiscus. Our

own oysters, on the contrary, are nearly destitute of these living rota-

tory disks, but they are much richer in more interesting species ; and

in addition to the siliceous-shelled Infusoria which are received into

their stomachs, they also occasionally furnish examples of calcareous

Polythalamia adhering to the inner surface of their shells. These lat-

ter microscopic cephalopods form part of the proper food of shrimps,

and accordingly I find that very minute Rotalia pass into the sto-

machs of shrimps entire.

The comparison which Ehrenberg has conducted so successfully

between the chalk and recent Infusaria, I have attempted to extend

one step lower in the oolitic series, and to embrace in the investiga-

tion the Infusoria of the Kimmeridge clay. The large oyster beds

which occur in this stratum in my own locality, the vale of Ayles-

bury, very naturally invite the search for the food of these ancient
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mollusks. It will at once be admitted that they lived, like recent

oysters, upon Infusoria, and that they possessed the same beautiful

mechanism, though we cannot now detect it, for making a current of

food set in in the direction of their stomachs. The very structure,

then, of the oyster, independent of the result of any examination, de-

termines the fact of the cotemporaneous existence of Infusoria, and

their number may be approximately indicated by the countless bi-

valves themselves they were appointed to sustain. The supply would

be equal to the demand, and, moreover, of so vast an extent, that the

conclusion is unavoidable that the Kimmeridge clay, like the chalk,

is formed very largely of organic bodies, and is not the mere commi-

nuted detritus of more ancient and unorganized materials.

The result of examination confirms this view. I find in the Kim-

meridge clay vast numbers of circular disks, already alluded to as ex-

isting in living oysters, and in addition to these I have met with

decided examples of the Coscinodiscus, and portions of calcareous

shells of Polythalamia. Under these circumstances we cannot fail to

suspect an absolute identity between the genera and species of some

of the 'minute and simple occupants of ancient and modern seas,

though larger forms of more complicated mechanism have successively

risen and disappeared. The oyster dissimilar from ours, may have

led upon our own Volvox, the Volvox on the Monad, and the Monad,
— but here we must pause, lost among the wonders of the ever-living

and life-giving Creator.

From the nature of the present inquiry, it may be extended, theo-

retically at least, beyond the Kimmeridge clay. On the evidence of

analogy we may assume that the inhabitants of all bivalve shells, not

only in the secondary, but also in the seas of the transition formation,

were of similar habits to the acepalous mollusk which constructs the

oyster-shell; that being destitute ofjaws, tongue, or mouth, the action

of a ciliary apparatus supplied them with food ; and that their food

consisted of an order of animals adapted, by their minuteness, to the

delicate mechanism of the cilia, and designed, by their multiplication

almost to infinity, to add mountain masses to the solid crust of the

earth. We may hereafter be indebted to the microscope for the con-

firmation of these views.

I may embrace the present opportunity of further illustrating the

use of the microscope in geological researches, by making a passing

remark on the degree of heat to which the Kimmeridge clay has been

subjected. Microscopic crystals of carbonate of lime, which abound

in large portions of it, are either perfect cubes, or much nearer ap-
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proximations to the cube than is consistent with their primitive form.

That thi6 alteration of the angle is due to the action of heat, and that

the degree of heat is indicated by the angle ultimately assumed, is

evident from the following remark by Prof. Brande :
—" The tempera-

ture appears to affect the mutual inclinations of the planes of crystals.

In the case of carbonate of lime, it amounts, according to Mitscher-

lich, to as much as 8.5' in the interval of temperature between 32°

and 112.° As the temperature augments, the smaller axis of the

rhomboid dilates more than its other diagonals, so as to cause an ap-

proach to the cubical form."

It is my chief object, however, to show, with Ehrenberg, that ani-

mals of the chalk are still found in a living state ; and having done

this, it is needless, with Ehrenberg's paper in our hands, to point out,

at any length, the importance of these researches. They bear directly

upon mountain masses, and seem to make the vast chalk-range over-

step its boundary, and connect itself rather with the tertiary and re-

cent, than with the primary and transition formations. Beyond all

doubt the bulk of the cretaceous series is composed of organisms still

living, as I have now shown, in our own British seas, and, as Ehren-

berg observes, still capable, under the concurrence of favourable cir-

cumstances, of giving rise to the greatest changes in the distribution

of the solid crust of the earth. The material, and not the magnitude

of Infusoria is the proper element in these calculations. We must

shut our eyes to the minuteness of each individual atom of life, and

look rather at the marvellous activity of its law of increase, and at its

indestructible shield, which sets at defiance the two great reducers of

organic structure, death and fire. A very few nut-shells would hold

all we should leave of an elephant if reduced to its ultimate elements

by fire, but no known intensity of heat would reduce the siliceous

mass of Infusoria. Fusion, under certain conditions, would be the

utmost result, and thence would originate other mountain masses,

which, to say the least, would be very nearly allied to those which

we term granitic. The question, then, is not unreasonable— was

granite originally an infusorial earth ?—and we accept Ehrenberg's

hypothesis as the reply : "Since of the four as yet well established

great geological periods of the earth's formation, the quaternary,

tertiary and secondary formations contain recent organisms, it is as

three to one more probable that the transition or primary formation

is not differently circumstanced, but that, from the gradual longer

decomposition and change of many of its organic relations, it is more

difficult to examine and determine."
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V. — On certain peculiarities in the Structure of the Feathers of
the Owl tribe. By John Quekett, Esq., Assistant Conservator of

the Museum of the Royal College of Surgeons of England.

(Read January 15, 1845).

It has been well observed by the eloquent Paley, that every fea-

ther is a mechanical wonder. If we look at the quill, we find pro-

perties not easily brought together
—

strength and lightness. If we
cast our eye to the upper part of the stem, we see a material, made for

the purpose, used in no other class of animals and in no other part of

birds ; tough, light, pliant, elastic. Feathers form a covering
which cannot escape the most vulgar observation : the lightness,

smoothness and warmth— their disposition all inclined backward—
the down about the stem— the overlapping of their tips

— their dif-

ferent configuration in different parts, not to mention the variety of

their colours, constitute a vestment for the body, so beautiful and so

appropriate to the life which the animal is to lead, as that, I think, we
should have had no conception of anything equally perfect, if we had
never seen it, or can now imagine anything more so. These were the

expressions of this elegant author given to the world nearly half a

century ago, since which time the structure and mode of development
of feathers generally have been ably investigated by Frederic Cuvier

and many other authors, and our knowledge of the subject greatly in-

creased by their labours.

Before entering upon the consideration of the peculiar structure of

the feathers of the owl tribe, it will be almost essential that I should

explain briefly the various parts which enter into the composition of

an ordinary (wing) feather, say a common goose-quill. Every feather

may be said to consist primarily of three parts, the quill or barrel, the

vane and the shaft. The quill, which is the part by which the feather

is attached to the skin, is more or less transparent, and is shorter than

the shaft. It is larger at the part where it is connected to the shaft

than it is anywhere else, and tapers in most cases gradually to the

point, where there is an opening communicating with the interior,

which is termed the lower umbilicus, in contradistinction to another

opening where the barrel joins the shaft, which is termed the upper
umbilicus. In the interior of the barrel in the dry state is contained
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a series of capsules fitted one upon the other and united together by
a central pedicel. This is termed the pith by some authors, and is

the remains of the pulp, which is seen as a highly vascular body in a

young feather. The shaft is always more or less of a square form,

tapering gradually from the point where it is connected to the barrel

to its free extremity or apex, and is more or less curved. The outer

side of the shaft is convex and horny, the inner is divided into two

parts by a median groove, proceeding from the upper umbilicus ; this

also is horny, and the two inclose a white, elastic material, which is

termed the pith. On minute examination, this is found to be com-

posed of a cellular tissue very much resembling that of plants. From
the two other sides of the shaft the vane arises ; it is composed of a

double set of horny filaments, termed barbs. These are given off at

acute angles and are of a flattened figure, the flat sides being towards

each other and the edges in the direction of the outer and inner side

of the vane. From these edges another set of very minute filaments

arises, which are termed barbules, and these barbules are often simple,

but sometimes they have other little barbules arising from them, which,

for the sake of distinction, I have named barbulettes. The barbules

which arise from the upper margin of the barbs, or that nearest the

free extremity of the quill, are curved towards the inner surface of the

vane, whilst those which arise from the under margin of the same barb

are curved upwards, so that the two hook nicely one into the other

and keep the respective barbs in firm apposition.* We have now at

least six elements entering into the composition of a single feather,

viz., primarily, the quill, the shaft and the vane, and secondarily, the

barbs, the barbules and the barbulettes.

This brief explanation of the parts entering into the formation of a

perfect feather is quite essential to the understanding of certain pecu-
liarities in the structure of the vane, which are to be found only in

particular birds.

If the fingers be passed along the vane in a direction from the quill

towards the apex, the individual barbs will be only forced more com-

pactly together, but if the operation be performed in the opposite di-

rection, the barbs, in some cases, will separate every here and there,

but by far the greater number of them will be found so adherent one

to the other, that some little difficulty will be experienced in getting

them apart. If this be done before the light of a window or of a can-

* This locking together of the barbs was known to Hooke, and was figured by him

nearly two centuries ago, in his
'

Micrographia.'
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die, a series of little filaments will be noticed to cause this resistance.

These filaments are the barbules, and it is by their locking one into

the other that the great strength of the wing-feather is maintained.

And of the many wonderful contrivances presented to us in Nature,

none can exceed in beauty and simplicity of mechanism the structure

in question.

In the wings of most of the Hymenoptera we have an analogous de-

velopment of little hooks or barbules from the anterior superior mar-

gin of the second pair of wings. These, in the expanded state of the

wings, are attached to a little fold on the lower margin of the first

wing, and by this means serve to unite the two wings into one, so that

greater strength is given to them, whereby the act of flight can be

more rapidly accomplished. Another analogous use of hooks or bar-

bules is presented to us in the lower part of the hairs of the common

mole. The hairs of these animals, it may not be generally known, will

lie quite smooth whether the skin be rubbed from the tail towards the

head, or from the head towards the tail. Some of the hairs being

much thicker and broader towards the free extremity than in any

other part, the lower portion acts as a species of hinge on which the

upper part can turn in any direction, whilst the lower gets its strength

by holding on to its neighbours by its barbules, which are in some

cases largely developed.

The feathers of birds which depend on flight as a means for their

subsistence, are constructed nearly on the same plan ; but there are

others which are to be found on such birds as have no power of flying

whatever. Amongst them may be mentioned the ostrich, cassowary,

emeu and apteryx. If a feather be taken from the rudimentary wings

of any one of these creatures, it will be found to differ greatly from

the wing-feathers before alluded to. The barbs are very far apart,

the barbules are largely developed, they are straight, and do not hook

into those of the adjoining barbs, but hang quite loose and separate

from one another, forming only a kind of down, so that however beau-

tiful and ornamental such feathers may be to fit them for the flowing

honours of a lady's head-dress, it is actually their want of development

that makes them so highly prized.

But the principal modifications found in the wing-feathers of birds

generally, are carried out to their fullest extent in the feathers of the

owl tribe. If a wing or tail feather be taken from a bird of this kind

and carefully examined, it will be found that besides the fastening

together of the individual barbs by means of the barbules, there is an

additional series of filaments developed from the sides of the barbules
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themselves ; these are destined not only to keep the adjacent barbs

together, but to rise above the outer surface of the vane, and so form

a kind of nap or down upon this surface. If we now compare one

of these feathers with one from the wing of a goose or any diurnal

bird of prey, the difference in structure between them will be very

manifest ; the one presents a surface perfectly level and smooth, whilst

the other is covered with down, formed, as has been before stated, by
the projection of the barbulettes above the outer surface. On the

inner side of the feather the barbulettes do not rise above the level of

the barbs, but on this inner surface the feathers of the owl tribe do

not differ from those of other birds. It is on the outer surface only

where the peculiarity above spoken of is to be found, the object of

such structure evidently being for the purpose of rendering their flight

perfectly noiseless.

Of all the many complicated problems presented to us in Nature's

works, in none, perhaps, can we at once perceive more contrivance and

design than in the construction of this part of the feather, and in none

in which such problem will admit of so satisfactory a solution as the

subject under consideration. Owls, it is generally known, go abroad

at twilight, and their food consists principally of rats and mice, which,

like the owls themselves, go abroad in the evening in search of

food. Had owls the stiff and unyielding wing-feathers similar to

those with which diurnal birds of prey are provided which depend

upon the rapidity of their flight for the successful capture of their

prey, the noise necessarily made in the act of flying would disturb the

little animals in their repast, and they would be enabled to escape to

their hiding places before they could be pounced upon by their un-

suspected enemy.

EXPLANATION OF PART OF PLATE II.

Fig. 1. A portion of the vane of a wing-feather of an owl (Bubo maximus), magnified
175 diameters, a, a, The barhulettes.

Fig. 2. A barb from the same vane of the natural size.

Fig. 3. A portion of one of the barbs magnified 175 diameters, shewing the barbules,

a, and the barbulettes, b.

Fig. 4. A portion of a barb of a wing-feather of the crowned pigeon (Columba coro-

nata), showing tbe barbules, a.
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VI.— Remarks relating to the examination of Guano by the Micro-

scope. By Edwin J. Quekett, Esq., F.L.S., &c.

(Read January 15, 1845).

Having been induced by the constant adulteration of guano to seek

some means by which the genuine may be distinguished from the

adulterated, instead of the expensive and lengthened process of chemi-

cal analysis, I endeavoured to make use of the microscope for the

purpose of effecting this object.

When viewed as an opaque object, guano appears to consist of

particles of an earthy brown colour, mixed with glittering bodies of

various sizes
;
some of the latter being distinct from each other, and

appearing to be crystals and particles of sand ; others, however, are

collected more or less in bundles, and of needle-like character, and

which undoubtedly are crystals only.

On examining various kinds of guano from different localities, it is

to be seen that the proportion of the crystalline to the brown amor-

phous particles is subject to much variety, insomuch so, that it is

quite possible to distinguish the Ichaboe guano from the Peruvian, by
the former having so many more bundles as well as single crystals

than the latter.

My friend, Mr. C. G. White, has also noticed the fact of the varia-

tion of the proportion of crystalline matter in different specimens of

guano, and proposed the appearance to be a good guide for the col-

lection of it, when a microscope in the hands of the collector would

easily determine the valuable from the useless.

Unfortunately, however, it does not appear that the specimens
which possess the greatest amount of crystalline matter are the best

in the market, as the Peruvian has less than the African, and beside,

the valuable matters of this compound are always flying away, and

many specimens, though exhibiting abundance of crystalline matter,

are nevertheless extremely inferior to others in which there is less,

on account of the virtues residing in greatest quantity in the amor-

phous earthy looking portions.

Notwithstanding the microscope cannot determine accurately the

value of the different samples for the agriculturist, it is quite capable

of determining when the guano has been adulterated by foreign mat-

ters, on account of the different appearance it presents, as also in the
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proportion of the crystalline to the earthy portions ; and the peculiar

nodulated character the latter exhibit could not be imitated by sand

or such-like impurities.

Finding the examination of guano as an opaque object, with

low powers, not altogether satisfactory, I had recourse to higher ones,

and viewed it as a transparent object, moistened with water. This

view quite unravelled the nature of many of the bodies, which, with

a lower power it was quite impossible to understand.

In this state we can readily see that guano is composed of organized,

crystalline and mineral matters.

The organized appear to be fragments of dried flesh, apparently

that of birds or fish, as the characters of the muscular fibre justify

the supposition.

Very minute fragments of shells, and abundance of spicules of
'

sponge, of two or three kinds
;
and perhaps, what is most singular,

very many specimens of animalcules belonging to the genera Actino-

cyclus, Gallionella and Coscinodiscus, especially in that from Ichaboe,

though I have not yet detected many in the Peruvian.

When guano is digested in concentrated nitric acid, violent effer-

vescence takes place, and most of its constituents are dissolved, and

there only remain the siliceous, which exhibit clearly the animalcules

and sponge-spicules.

Seeing guano composed of such various elements, it becomes a

matter of speculation from whence several of them are derived, and

in the first place the particles of muscular fibre, which appear to be

those of birds and fishes. It is easily to be imagined, as the latter

are so frequently devoured by the birds that inhabit these guano-

islands, that portions of the flesh were passed through the digestive

organs imperfectly digested, and were voided with the excrementitious

matters. If it be the muscular fibre of birds, it is possible that its

origin is from the death of the birds, whose flesh becomes after a

while intermingled with the guano, many specimens of birds being

dug up in a dried state, having suffered very little from decomposition.

The siliceous animalcules and sponge-spicules, it would seem, be-

come present in the guano, from, firstly, being devoured by fishes,

whilst adhering to sea-weeds or mingled with the sand, and secondly,

the fishes being devoured by the birds, they are voided with the ex-

crementitious matters of the latter. As the guano localities are always

above the level of the sea, and the species of animalcules yet disco-

vered are all of the character that inhabit the bottom of the ocean,

the most probable reason for their occurrence is that above described.
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The crystalline appear to be various salts, well known to constitute

the most valuable portions of the manure. The mineral appear to be

sand.

Frequently among Ichaboe-guano are to be found fragments of

bones belonging to birds : these appear to have undergone a remark-

able change, decomposition having in most cases destroyed the bony
matter, while the form of the bone has been preserved by a crystalline

substance, which forms a cast of the medullary canal. It would ap-

pear in many instances as if the bone had been converted into another

material, but I have satisfied myself that in all cases the bony matter

existed when the crystalline matter was deposited. If the crystalline

matter was only a displacement of the true .osseous substance, we

ought to have the medullary canal as in the perfect bone, which is

not the case, and which in the long bones of birds is extremely large.

The form of the osseous corpuscles when the bone exists externally

to the crystalline matter is precisely that of birds.

Mr. Warington has examined the crystallized matter, and finds it

to be composed of sulphate of potash and ammonia.

To account for the presence of such a salt, it will be necessary to

review the circumstances connected with the deposit of guano. All

are tolerably well acquainted with the fact, that certain sea-fowl in-

habit in myriads certain desolate islands in various parts of the world.

The excrements discharged by such numbers congregated in one lo-

cality must naturally, if not quickly decomposed, add a covering more

or less deep to the spot chosen as a place of resort by the birds. Let

it be imagined that one of these birds should die, when in a short

period its body would be entombed by its brethren, and decomposition
would naturally go on to a certain extent, the aqueous portions that

mingled with the solids would soon be evaporated in those dry cli-

mates, when the flesh would shrink and the bones lose the animal

matters from their interior, and if things remained so, a perfect mum-

my, as is often found, would be the result. But in other instances it

is to be supposed the dead carcass is buried in a damp situation,

when speedily the whole mass of flesh would decompose, and the

bones become infiltrated by water holding saline matters in solution,

which it obtains by percolating through the upper stratum of guano.
These saline matters entering the bones are disposed to crystallize

in their medullary cavities, and which are ultimately filled by the

compound previously mentioned.

We must, however, retrace a step further, to determine from whence

comes the sulphate of potash (ammonia being readily engendered by
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all decomposing animal matters, therefore its presence is readily ac-

counted for). If we reflect that the guano is the excrement of birds

which scarcely ever fly on land to obtain food, therefore their support
is to be found in the plants or animals of the sea, and it is almost ex-

clusively from the latter that they derive their food, consequently the

elements of their excrement must be contained in the bodies of the

fish. Then again, if fish have the elements of sulphate of potash in

their systems, how do they obtain it ? In the ocean in which they

swim, potassium is found combined with chlorine, forming about

iwff Part pf *ne whole. Sulphuric acid exists combined with mag-
nesia and lime in somewhat larger proportions. Notwithstanding

these exist in the water in such limited quantities, we are not to ima-

gine that the fish derive any nutriment from the water any more than

we do from the air, both elements serving essentially as the medium

for supplying the oxygen for respiration. As fish undoubtedly either

devour small animals or some of their species, and these, again, live

on the vegetable materials found growing in the ocean, we ought to

have the elements of this saline matter in such plants. According to

the researches of Fordhammer in his paper read before the British

Association in 1844, he has found potash in all sea-weeds ; and re-

marks it as a singular fact, that notwithstanding there are forty times

as much of the salts of soda in sea-water as of potash, the vegetable

beings that grow in the ocean appropriate the latter to form a part of

their tissue and refuse the former, which appears to be merely dis-

solved in the juices of the plant. Therefore we can trace the source

of potash in the food of fishes, but we have yet one step further to

retrace : from whence is the ocean supplied by this substance ? Ford-

hammer has asserted that the small dewdrops that condense on the

mountain, and become reinforced by others until they make the first

streamlet, and also the rain that falls on the face of the earth and per-

colates the soil, both dissolve the saline matters in their course, till

they reach the brook that conducts the waters to the tributary of some

great river, when ultimately all the materials that are dissolved from

the soil are mingled with the waters of the ocean.

Thus it would appear that there is a complete circle in many of

the operations of Nature and of man, for since the discovery of the

valuable properties of guano as a manure, by distributing it over the

surface of the land, we are actually restoring the elements that had

been removed by the rain, and which after a variety of changes in the

system of vegetables and animals, are singularly restored to the earth

from which they were first derived.
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VII.— On some abnormal forms of Fungi, with remarks on their

Morphology. By Edwin Lankester, M.D., F.L.S., B.S.E. &c.

(Read March 19, 1845).

Although perhaps in the remarks I shall make in this paper I may
not appear to have made such use of the microscope as would

warrant me in bringing them before this Society, yet I feel

myself justified in doing so, by the fact that the general subject of

the Morphology of cryptogamic plants can only be prosecuted by
the aid of the microscope.

Shortly after the frost which occurred in December, 1844, having

occasion to visit Cheshunt, I found a monstrous specimen of the

Agaricus personatus. It was already dried up and decaying from the

effects of the frost. In all its parts, however, it exhibited a normal

structure, with the exception of the pileus, in the centre of which, di-

rectly over the insertion of the stipes into the hymenium, a second

and smaller hymenium was developed. The gills of this smaller

hymenium were uppermost, and presented towards the light, the

edges were covered with the pileus, which gradually united itself with

the pileus of the lower hymenium. There was no appearance of any

development of the stipes (PI. ii. fig. 5, a). On making a section of

the whole plant, no connexion between the lower and upper hyme-
nium was discoverable, so that the latter was evidently an indepen-
dent development (PI. ii. fig. 5, c). The whole plant was in too dry
a state to afford a favourable opportunity of ascertaining its structure

by the microscope.
On placing the upper hymenium under the microscope, it presented

a cellular structure like that observed in the higher forms of fungi.

The same appearance was exhibited by portions from the undermost

hymenium. The tissue was too much shrivelled to observe the spo-

rophores, and no remains of spores could be found on either hyme-
nium. Sufficient, however, could be seen to prove the identity of the

two structures, and that whatever was the character of the lower and

normal hymenium, the upper one was of the same nature. The tissue

between the two hymenia was found to consist of oblong cellular

tissue, mixed with which were the fibres of a lower form of fungus
which had been developed during the destruction of its congener.

TRANS. MIC. SOC. VOL. II. D
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Several instances of abnormal forms of fungi are on record, but

none that I am aware of precisely similar to the one in question. In

the * Icones Fungorum
'
of SchaefFer, are several drawings of mon-

strous fungi, and one of an Agaricus exhibiting on its pileus two

smaller fungi, but these two were perfect in every respect, and the

pileus and hymenium were attached to a stipes which is fixed to the

pileus of the original fungus. The Rev. M. J. Berkeley, in the '

Eng-
lish Flora,' gives an account of an Agaricus campestris, in which " a

portion of the pileus was occupied by what at first appeared to be a

parasitic Sistotrema, but, on closer inspection, proved to be a pulvi-

nate excrescence of the mushroom itself, If of an inch broad, J of an

inch thick, occupied by spurious gills in the guise of subporiform

jagged plates about 1 line deep, and producing sporules like those of

the perfect gills beneath, but as it appeared to me rather more mi-

nute."—(p. 107).

Before concluding this paper, perhaps I may be allowed to make

one or two remarks on the Morphology of the Cryptogamia. It is

only by the observation of abnormal forms like the present, that we
shall be enabled to point out what are the real relations of one form

of fungus to another, and classify them according to their natural affi-

nities. Morphology has done much for classification amongst phae-

nogamous plants, but little or nothing amongst the cryptogamous.
The * Transactions of the Microscopical Society

'

contain, however,

the record of a single fact of monstrosity amongst the mosses, which

nas afforded an interesting illustration of the application of the prin-

ciples of Morphology in the higher departments of the animal king-

dom ; Professor E. Forbes, in his paper on the Morphology of the

Serlulariadcs, having pointed out the analogy between the change of

structure taking place in those animals and the mosses, from the simi-

larity of form in their organs of nutrition and reproduction. Have

we, then, in this fungus an analogous condition to that which has

been found in the higher plants ? If in the fungi we regard the pileus

and stipes as the representatives of the leaf or nutritive organ in the

higher plants, then the hymenium must be regarded as the analogue

of the flower, or reproductive organs. We may then suppose that un-

der the influence of cold or other external agent, an arrest of de-

velopment in the vegetable tissue of the fungus would be attended

with the development of reproductive tissue, as we know occurs

amongst the higher forms of plants. It may be objected that we need

some further proof that the pileus and stipes are really the analogues

of the nutritive tissue. I think that this can be clearly made out by
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passing along from the fungi to the lichens and from these to the He-

patica and the mosses and ferns, where every one will allow that the

green parts are the nutritive tissue of the plant and the analogues of

the leaves. There is one curious point with regard to the morpholo-

gical structure of the fungi which I would here point out. It is, that

the whole body of the fungus is the analogue of the flower in the

higher plants, the thallus of all the Cryptogamia being in this family

at its minimum of development ; the only analogue of the thallus

being the mycelium, which is seen in the early part of the development
of all fungi, and disappears when the hymenium is developed. I may
perhaps here be allowed to mention how beautifully this fact con-

firms the relation of polarity which Professor E. Forbes has pointed

out, as existing in every part of the animal and vegetable kingdom.
The Fungi and the Alga must be regarded as parallel groups, and in

fact, up to the present moment, there is no definition that will distin-

guish between many of their groups, so that a whole tribe, Byssoidea,
are referred sometimes to one, sometimes to the other, and sometimes

distributed variously through each. The characteristics of the con-

centrate sphere are a tendency to concentration in the organs of re-

production, to the formation of an internal skeleton in the organs of

support, and to a unity in the combination of its parts. Of these

three characters the fungi are a remarkable exhibition, as seen in the

Agarics, and generally in the higher forms of Hymenomycetes. On the

other hand, the characters of the articulate sphere are a tendency to

elongation, the formation of an external skeleton, and articulation, all

of which characters are conspicuous in the Conferva, the Laminaria,
and other forms of the family Alga. The whole fungus may then be

said to be the analogue of the flower, and just in the same way as the

calyx and corolla stand in the relation of nutritive organs to the more

especially reproductive stamens and pistil, so do the pileus and stipes

stand in the relation of nutritive organs to the hymenium.
If such, then, be the real nature of the fungi, we should expect

to find that this abnormal form would be permanently normal in

some members of the family. I think such forms are indicated in the

clavate forms of fungi, and in the Pezizas and other exosporous

fungi generally. The Rev. M. J. Berkeley also informs me that he

has received from Swan River, a new species of Secotium, (S. mela-

nosporum) in which there are two isolated patches of hymenium on

the stem, and in some species of this genus the hymenium sometimes

extends entirely over the top of the stem.

With regard to the small fungi developed on the pileus drawn by
D 2
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Schaeffer, I would suggest that these are instances of increase from ad-

hesion. During the development of the ovules of the higher plants,

adhesion frequently takes place so as to produce a double seed, or a

better illustration will be found in the instances of proliferous flowers,

as seen in the common daisy called hen-and-chickens.

It is then probable that such instances of multiplication in fungi

arise from the same cause, and that during their early development
two or more spores are developed under the same volva, and the

smaller fungi are nourished through the means of the larger one, just

as the smaller flowers of the daisy grow on the larger one.

In submitting these remarks to the attention of the Microscopical

Society, I do it with the hope of drawing attention to an interesting

department of inquiry, and not at all with the feeling that I have

given that attention to the subject which its interest and importance
demand.

EXPLANATION OF PART OF PLATE II.

Fig. 5, a. View of stipes and pileus with abnormal hymenium of Agaricus perso-

natus, from a drawing by Arthur Henfrey, Esq.
b. Pileus of the same fungus, with front view of an abnormal hymenium.
c. Vertical section of the same fungus.
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VIII.— On the Structure of the Fldbella of some of the higherforms
of Crustacea, with some remarks on their probable use in the

function of respiration. By John Quekett, Esq., Assistant

Conservator of the Museum of the Royal College of Surgeons of

England.

(Read May 21, 1845).

The respiratory organs of the Crustacea are with the common con-

sent of authors called branchice, a term which applies equally to those

which live on land as well as to those which inhabit the water.

In some members of the class, the branchial organs are very com-

plicated, and consist of an apparatus designed especially for the de-

carbonization of the blood, in the shape of quadrangular pyramids, on

whose sides are disposed parallel lamellae, or tubes, on which the res-

piratory vessels are distributed. These organs are contained in an

especial cavity, and further provided with an apparatus for the pur-

pose of causing fresh currents of water to pass over the extended res-

piratory membranes. In other Crustacea no branchiae are present,

and the function of respiration is performed by certain appendages
either to the locomotive or digestive system, which do not exist for

the office exclusively, but are modified in such a particular manner

as to perform the all-important function of respiration.

From the researches of Dr. Milne Edwards, it would appear that

the embryo of the common cray-fish, Astacus Jluviatilis, presents

four principal periods in the development of its respiratory apparatus.

Istly.
— That which precedes the appearance of branchiae. 2ndly.

—
That during which the branchiae are not distinguishable from the fla-

belliform appendages of the extremities, and which appear as mere

processes of other organs destined either for locomotion or mastica-

tion. 3rdly.
— The transformation of these organs into others of a

more complex nature, but still external. And lastly, that during which

the branchiae sink inwards and become lodged in a cavity especially

adapted for their reception, and provided with a particular apparatus
destined to renew the water necessary to the maintenance of respi-

ration.

The first of these conditions is presented to us in some of the infe-

rior Crustacea which have no special apparatus for respiration ; the
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common Entomostraca, such as the Cyclops, Daphnia, Cypris, &c,
which are so abundant in pools of stagnant water, may be cited as ex-

amples of this class.

In the second stage we find no proper branchiae, but we have cer-

tain appendages to the digestive or locomotive systems on which are

developed flattened membranous vesicles, highly vascular, which an-

swer the purpose of branchiae, and we have examples in the genus

GammaruSy Talitra, &c, of this form of respiratory apparatus.
In the third stage we have the best examples in the Squilla, (Plate

iii. fig. 1). Proper branchiae are developed, but they are not contained

in any cavity, but are attached to the basilar joints of the first five

pairs of abdominal extremities, and each consists of a long cylindrical

tube, from one of the sides of which proceeds a series of small tubes,

disposed parallel to each other, and not unaptly likened by Milne

Edwards to the pipes of an organ ;
these support, in their turn, a

series of long, cylindrical, and very numerous tubes, (PI. iii, figs. 2, 3).

It may further be remarked that these branchiae are continually ex-

posed to the action of the surrounding water.

Lastly, the highest state of development of the branchial apparatus
is found in the common decapod Crustacea, such as our ordinary

crabs, (Plate iii, fig. 4), and lobsters, (Plate iv. fig. 1.) Not only have

we in them a special apparatus for performing the function of respira-

tion, but we have it lodged in an especial cavity, and certain accessary

organs developed in the form of flabella, or sweepers, by means of

which it has been supposed that currents of water, necessary for the

decarbonization of the blood, are made to pass and repass over the

whole of the branchial apparatus, (Plate iii., figs. 4, 4a, Ab).

In the lobster, the branchial cavity is open the whole way along its

inferior edge, but in the crabs the afferent and efferent orifices are

more circumscribed.

In the crab, the branchiae themselves are of the shape of a quad-

rangular pyramid (Plate iii. fig. 7), the base being attached to the low-

er part of the chamber, or to a membrane which extends from its

inferior edge to the basilar articulation of the corresponding limb.

Each branchia consists of a septum, on each side of which are deve-

loped numerous lamellae or plates; these lamellae are arranged at

right angles to the septum, and are of a quadrangular figure. On the

upper side is developed a small hook or spine, to which attention

will be again presently directed, (Plate iii. figs. 8, 3a, 10a). Upon the

flattened surfaces of these plates the pulmonary capillaries are distri-

buted, and the blood is returned after its purification to the heart by
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the pulmonary vein, which is situated on the inner edge of the branchiae,

whilst the artery is situated on the outer edge. In the lobsters the

branchiae are constructed upon a different plan : they are somewhat

like those of the crabs in their outward configuration, but instead of

being composed of lamellae, they consist of a number of cylindrical

caecal tubes, attached by their base to the septum. They stand erect,

and are packed closely together side by side, like the bristles of a

brush, (Plate iv. figs. 1, 2, 3, 5, 6).

In the crabs there are nine pyramidal branchiae on each side, two

of which may be said to be rudimentary, but in the lobsters there are

as many as twenty-two. The flabella, or sweeping organs, are three

in number, one on the upper row of the branchiae, one on the lower

row, and a third between the two rows, the latter is the shorter, (Plate

iii. fig. 6, whilst one of the others is represented by fig. 5). They are

of a flattened figure, and the hairs with which they are supplied are

attached to the sides principally, and also on the broad surface op-

posed to the branchiae, none being found on any other part, (Plate iii.

fig. 11). These hairs, as will presently be noticed, are of a peculiar

kind, differing in many respects from the hairs found in other parts

of the body of the animal.

In speaking of the flabella in a preceding paragraph, it was stated

that their probable use was that of causing currents of water to play

constantly over the branchiae, and this appears to have been the view

entertained of their use by most authors who have devoted their atten-

tion to the subject, and amongst the most distinguished may be men-

tioned Cuvier, as advocating this opinion. In the '

Cyclopaedia of

Anatomy and Physiology,' article Crustacea, written by Milne

Edwards, the following passage occurs :
—" In the greater number of

the Decapoda the flabelliform appendages of the maxillary or of the

ambulatory extremities penetrate into the respiratory cavity, and by
their motions as it were sweep or stroke the surface of the branchiae.

Some anatomists have even imagined, that it was by their action that

the water necessary to respiration was renewed in the interior of the

branchial cavities
;
but this is a mistake ; these appendages have little

or no influence upon the current which is continually traversing the

respiratory antrum, and which is produced by the motions of the

great valvular lamina, already described as belonging to the second

pair of the maxillipedes, and situated in the efferent respiratory canal.

"The very secondary part which the flabelliform appendages of the

thoracic extremities play in the interior of the respiratory cavities, is

of itself a sure indication of the indeterminateness of their numbers



40

and relations to the branchial pyramids. Thus whilst in the lobster

and the nearly allied genera, these appendages, to the number of five

on either side, belong to the four first pairs of ambulatory extremities

and to the third of the maxillary pairs, and run from below upwards
between the branchial fasciculi, we only find three pairs in the

Brachyura, belonging exclusively to the maxillary extremities, and

penetrating into the branchial cavities horizontally, two on the outer

surface of the branchia and one between the inner surface of these

organs and the flancs."

I entirely coincide with Milne Edwards, that the use of the flabella

is not merely to ensure the formation of currents in the water, for if

we examine their situation in the common crab, we find that their

movements are not in the direction of the inlet or outlet of the bran-

chial cavity, but at right angles to it : they evidently answer another

purpose ; and now let us see what evidence the microscope will unfold

of their probable function.

Having had occasion some time since to examine the hairs found

on different parts of the more common Crustacea, I at length came

to those situated on the flabella, and I observed that these hairs were

remarkable for having a number of large hooks developed on one side

only. The hairs themselves were not straight, but curved, or scimi-

tar-shaped, and the hooks generally occurred on the convex side. In

some specimens there were two rows of hooks, as seen in Plate iii.

figs. 12— 19. A transverse section of No. 19 is seen at fig. 20 : this

specimen was taken from the common crab, Cancer Pagurus ;
the hair

of the flabella of the small edible crab, Cancer Mcenas, is represented

by fig. 15
;
the other figures represent the hairs from the flabella of

small species of crabs from different parts of the globe, but all exhi-

biting peculiar modifications of one and the same plan. Many of

these hairs have still smaller hair-like projections on them, besides

the hooks, and in most cases these little hairs are inclined towards

the point of the large hair, and give to it an appearance of a serrated

edge, fig. 14. By way of contrasting these hairs with those found on

other parts of the same animal, I have represented the ordinary hair

of a crustacean of the highest class at fig. 21.

Finding the appearance of hooks to be constant in all the species

examined, I at once began to speculate on their probable use, and in

the course of investigation my attention was directed to the structure

of the branchia, and on a careful examination I found that on each

branchial lamella there was a spine developed, which was very evident

even to the unassisted eye, and as there are two series of lamellae,
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one on either side of the septum, there are two rows of spines on

each branchia, (Plate iii. figs. 8
—

10, a, a). In some of the small crabs,

spines are developed on the sides of the lamellae as well as on their

broad surfaces. The spines are of much firmer consistence than any

other part of the lamellae, and when touched with a pointed instru-

ment the lamellae can be moved backwards and forwards, and in pass-

ing the instrument from one end of the branchia to the other, a motion

is produced like to that when a finger is passed along the tops of the

teeth of a comb, the branchial lamellae are rapidly separated one from

the other ;
and this led to the conclusion that by the motions of the

flabella the spines on the branchiae may in some way become entan-

gled with those on the flabella, and the branchial laminae then would

be separated, and the water contained in the branchial chamber

would by this means be brought into better contact with the pulmo-

nary capillaries distributed on the lamellae.

When we reflect on this subject, some such contrivance as I have

described must be necessary, and the very structure of the branchiae

themselves would warrant such a conclusion. The branchiae, consist-

ing as they do, of many hundreds of little plates closely packed to-

gether, would have no chance of having the blood circulating on their

sides brought into contact with the water, unless there were some

means of separating them one from the other. The Squilla and some

of the other lower forms of Crustacea do not require such an appara-

tus, for every part of their rudimental branchial apparatus is con-

stantly bathed in fluid, and being in continual movement, every part,

however minute, must be in contact with water, they therefore require

no sweeping organs; but the case is altered when we come to those

higher Crustacea where the branchiae are contained in a cavity, and

through which cavity, even in the progression of the animal, no water

would flow unless the valvular laminae belonging to the second pair of

legs were in constant movement.

In the lobster tribe it has been stated that we have a differently

formed branchial apparatus to what occurs in the crabs, consisting of

a number of cylindrical tubes attached by one extremity to a central

stalk, (Plate iv. figs. 2, 3, 4, 5, 6). The free ends of these tubes are

rounded, and within them the blood-vessels run. Fig. 8 represents

one of the tubes highly magnified. If the flabella in these animals

were constructed in the same way as those of the crabs, the presence
of a spine would be required on each tube, but such is not the case,

the flabella are arranged on a different plan to overcome this diffi-

culty ;
instead of being thin and provided with hairs only on the sides,



42

the flabella are of a flattened figure (PI. iv. figs. 9, 10), much broader

than the branchiae, and their edges, as well as both of their flattened

surfaces, are covered with spines and with spiny hairs. The flabella

are so placed between the branchiae, that their broad surfaces are in

immediate contact with the broad surfaces of two branchiae, and as

they are in constant movement, the effect produced must be like that

of one brush being rubbed upon another, whereby all the tubes in

succession are brought in contact with the surrounding fluid. Some
of the hairs from these flabella are represented in Plate iv. figs. 12,

13, 14, 16, and the one represented by fig. 17, which is from the

large cray-fish, is peculiarly adapted to the required office. Several

other species of Crustacea have been examined, but all with the same

result, nothing materially different having been found about their

branchiae to warrant a special description.

If the view that has been taken of the use of the flabella be the cor-

rect one, and indeed, all that can be seen would warrant such a con-

clusion, we have before us another instance of the great value of the

microscope in anatomical researches, and an unquestionable proof

that the aid of an assisted sense is often requisite to unravel some of

the apparent mysteries of Nature, which mysteries show the more

strikingly contrivance and design, the more deeply and carefully

they are investigated.



43

EXPLANATION OF PLATE III.

Fig. 1. One of the branchiae of a Squilla. with parallel tubes.

Fig. 2. A parallel tube, with a number of smaller tubes coming from it.

Fig. 3. One of the tubes from fig. 2, more highly magnified.

Fig. 4. Branchial cavity of a common crab, Cancer pagurus.

a. Branchiae.

b. Flabellum.

Fig. 5. One of the flabella situated on the lower part of branchiae.

Fig. 6. Flabellum from between the two rows of branchiae.

Fig. 7. Branchia of the Cancer pagurus, natural size.

Fig. 8. Two of the conjoined lamellae of the preceding preparation.

a. The spines.

Fig. 9. Hairs from the same.

Fig. 10. Branchia of the same crab magnified 175 diameters.

a. The spines.

Fig. 11. Portion of a flabellum magnified 175 diameters.

Figs. 12, 13, 14, 15, 16, 17, 18. Hairs from the flabella of various small crabs.

Fig. 19. Portion of a hair from the flabellum of the common crab, shewing two rows

of spines.

Fig. 20. A transverse section of the same.

Fig. 21. Ordinary hair of the Crustacea.

EXPLANATION OF PLATE IV.

Fig. 1 . The branchial organs of the common lobster, showing the branchia c, a,

and the flabella b, b.

Fig. 2. Branchia of the lobster, natural size, with the free extremities of the tubes

shown.

Fig. 3. Branchia of the same lobster, showing the points ofattachment of the tubes.

Fig. 4. Branchia and flabellum attached.

Fig. 5. A portion of a branchia magnified 175 diameters.

Fig. 6. A similar preparation seen edgeways.

Fig. 7. A transverse section of a branchia.

Fig. 8. One of the tubes highly magnified.

Fig. 9. Flabellum of a lobster.

Fig. 10. Flabellum of a large cray-fish.

Fig. 1 1. Portion of fig. 9 magnified 175 diameters.

Figs. 12, 13, 14. Hairs from the flabellum of a lobster.

Fig. 15. Hair from the tail of an ordinary lobster.

Figs. 16 & 17. Hairs from the flabella of the large cray-fish.
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IX.— On a method of mounting objects in Canada Balsam. By
Thomas Boys, Esq. Communicated by J. S. Bowerbank, Esq.

(Read May 21, 1845).

Having had some experience in laying down objects in balsam for

the microscope, and finding that I succeed uniformly without air-

bubbles, I have adopted your suggestion, of giving a short detail

of the method I pursue, in the hope it may be acceptable to persons
who may perhaps be induced to make the experiment, and so improve

upon my plan.

The first thing to be considered is the simple apparatus required.
1. A small single-wick oil lamp, having a glass chimney about four

inches long. The flame to be about the size of that used in a

small hand-lantern.

2. Slips of glass of required size, and small pieces of thin glass to

cover the object ;

— all well cleaned.

3. A pair of nippers, to hold the slips of glass.

4. A pointed iron piercer, in a wooden handle.

5. A bottle, containing the clearest Canada balsam, diluted with the

best spirits of turpentine, to a consistency to allow it to drop

readily from the end of the iron piercer.

The preceding articles being spread before you, ready for use, and

the object to be displayed being well examined for choice of position,

and cleansed if necessary, fix the slip of glass in the nippers ; dip
the end of the piercer about half-an-inch into the balsam, when (after

losing a large portion before it can be withdrawn) there will remain a

full drop to place upon the slide where required. The centre of the

slide should now be rested across the chimney of the lamp, until the

balsam begins to spread, when it should be immediately withdrawn.

The object is now to be placed upon this drop of balsam ;
the piercer

is again to be dipped into the bottle, and another drop (a single drop
is generally sufficient) of balsam is to be withdrawn, and to be let

fall upon the object so as to well cover it. In this state the slide may
be suffered to remain (covered, in order to keep away dust) for two or

three minutes or more, so as to give the balsam time to penetrate ;

the thin glass is then to be taken up between the thumb and fore-

finger, and gently placed, as nearly horizontal as possible, upon the
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balsam covering the object. The slide being now held by the nip-

pers at one end, in rather an inclined position upwards, place the

other end over the centre of the chimney of the lamp, so that

the extreme end of the glass may first receive the heat, which

will thus gradually extend towards the object. The proof of

its having done so, efficiently and sufficiently, will be that the

balsam will have flowed (for that moiety at least nearest towards

the heat) to the extreme edge of the thin glass, carrying out with

the surplus all air-bubbles. The heated end of the slide is now to

be placed in the nippers, and the reverse end of the glass is to be

subjected to the same process, when the like result will be exhibited.

The slide is then to be immediately withdrawn from the flame, and

should be suffered to remain in a horizontal position till nearly cool,

when a small piece of wood, rather pointed, should be pressed, per-

pendicularly, upon the centre of the upper or thin glass ; this will

expel all superfluous balsam, and with it any extraneous matter.

Should it happen, after the above process, that any air-bubbles should

be generated by the object, which sometimes happens, the slide should

be put aside for a day or two, when they will all disappear. If

the balsam require hardening, place the slide for two or more

days upon the mantel-piece, the gentle heat of which will be

sufficient for that purpose.

Should this simple detail be found useful to any of the microscopic

fraternity of which I am so humble a member, it will afford me the

greatest pleasure.
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balsam covering the object. The slide being now held by the nippers

at one end, in rather an inclined position upwards, place the other

end over the centre of the chimney of the lamp, so that the extreme

end of the glass may first receive the heat, which will thus gradually

extend towards the object. The proof of its having done so, effi-

ciently and sufficiently, will be that the balsam will have flowed (for

that moiety at least nearest towards the heat) to the extreme edge of

the thin glass, carrying out with the surplus all air-bubbles. The

heated end of the slide is now to be placed in the nippers, and the

reverse end of the glass is to be subjected to the same process, when

the like result will be exhibited. The slide is then to be immediately

withdrawn from the flame, and should be suffered to remain in a hori-

zontal position till nearly cool, when a small piece of wood, rather

pointed, should be pressed, perpendicularly, upon the centre of the

upper or thin glass ; this will expel all superfluous balsam, and with

it any extraneous matter. Should it happen, after the above process,

that any air-bubbles should be generated by the object, which some-

times happens, the slide should be put aside for a day or two, when

they will all disappear. If the balsam require hardening, place the

slide for two or more days upon the mantel-piece, the gentle heat of

which will be sufficient for that purpose.

Should this simple detail be found useful to any of the microscopic

fraternity of which I am so humble a member, it will afford me the

greatest pleasure.
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X.—On the Intimate Structure of Bone, as composing the Skeleton

in thefour great Classes of Animals, viz., Mammals, Birds, Rep-

tiles, and Fishes, with some Remarks on the great Value of the

Knowledge of such Structure in determining the Affinities of
Minute Fragments of Organic Remains. By John Quekett,
Assistant Conservator of the Museum of the Royal College of

Surgeons of England.

(Read March 18, 1846).

Professor Owen, when President of this Society, in his first annual

address, delivered on the 15th of February, 1841, after alluding to the

great importance derived from the use of the microscope, in deter-

mining the structure and affinities of minute fragments of fossil wood,

goes on to say, "And if the microscope be thus essential to the full

and true interpretation of the vegetable remains of a former world, it

is not less indispensable to the investigator of the fossilized parts of

animals. It has sometimes happened that a few scattered teeth have

been the only indications of animal life throughout an extensive

stratum ; and when these teeth happened not to be characterized by

any well-marked peculiarity of external form, there remained no other

test by which their nature could be ascertained, than that of the mi-

croscopic examination of their intimate tissue. By the microscope
alone could the existence of keuper-reptiles in the lower sandstones

of the new red system, in Warwickshire, have been placed beyond a

doubt.
"
By the microscope, the supposed monarch of the Saurian tribes—

the so-called Basilosaurus—has been deposed, and removed from the

head of the reptilian to the bottom of the mammiferous class. The

microscope has degraded the Saurocephalus from the class of reptiles

to that of fishes; it has settled the doubts entertained by some of the

highest authorities in palaeontology as to the true affinities of the gi-

gantic Megatherium, and by demonstrating the identity of its dental

structure with that of the Sloth, has yielded us an unerring indication

of the true nature of its food."

Now if this be true of the structure of the teeth, which the brilliant

results that Mr. Owen has obtained, by carrying out this mode of in-
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vestigation, have abundantly proved, why—I may ask— should not

minute fragments of the other parts of the skeletons of extinct animals

afford us, by the same method of manipulation, some indication of the

particular class to which such fragments belong ?

Having paid considerable attention to the minute structure of bones

for several years past, and finding that there were certain characters

peculiar to each great class which could be easily recognised, I have

allowed no opportunity to pass without trying to determine, by micro-

scopic examination, how far I could proceed with my investigations

with certainty ; and, to show the value of such investigations, 1 may
mention the first result.

It happens, by a singular coincidence, that two years ago, this very

day, my friend Dr. Falconer, the distinguished palaeontologist of the

Himalaya Mountains, having in his possession certain small bones of

unusual form, from which circumstance he was at a loss to determine

to what animal they belonged, I, at his request, made a microscopic
examination of some sections of them, and comparing their intimate

structure with that of other bones in my possession, was enabled to

pronounce them reptilian, and to belong probably to an animal of the

turtle order
; and they subsequently proved to be the toe-bones of his

Colossochelys Atlas, or gigantic Tortoise, nearly 20 feet in length.

Encouraged by this success, I have, since then, extended my re-

searches, and have found that, in each of the four great classes of

animals, the bone-cells present certain peculiarities in their form,

which, when once an observer is conversant with, he would be enabled

to satisfy himself as to the true affinities of doubtful specimens of or-

ganic remains.

The microscope has, in skilful hands, already achieved wonders, but

much remains still to be done, in this, as yet, uncultivated field
;
1 have,

therefore, ventured to bring the subject before the notice of the Society
this evening, deeming it worthy of the attention of every individual who

may be engaged in the pursuit of palaeontology, geology, anatomy, or

any ofthe collateral sciences : for when satisfactory evidence ofthe affi-

nities of fossil bones cannot be obtained from external features alone,

there are yet present in the minute structure certain characters which

may materially assist the observer in the determination, if not at once

fix their true position in the scale of animated beings. 1 need not

dwell, at this time, on the conflicting statements which have so fre-

quently been published, concerning the true nature of certain fossil

bones, most, if not all, of which statements would probably never have

appeared, had the intimate structure of the bones in dispute been well

E 2
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understood, and a minute fragment would have sufficed for this pur-

pose. Before coming, however, to the immediate object of this paper,

it will be necessary that I point out to you briefly the different parts

of which a bone may be said to consist; and, as there are many
members of our small community who do not practise the healing art,

and have not, therefore, made the intimate structure of the animal

body their particular study, I trust that, by a slight description, I

shall be enabled to render the subject of which I am about to treat

perfectly intelligible to all.

Every bone may be said to consist of two parts, a hard and a soft

part : the hard is composed of carbonate and phosphate of lime, and

of carbonate and phosphate of magnesia, deposited in a cartilaginous or

other matrix ; whilst the soft consists of that matrix, and of the peri-

osteum which invests the outer surface of the bone, and of the medullary

membrane which lines its interior or medullary cavity, and is conti-

nued into the minutest pores. If we take for examination a long bone

of one of the extremities, say a femur, of a human subject, or of any
mammalian animal, we shall find that it consists of a body or shaft

and two extremities : if a vertical section of such a bone be made, we

shall also find that the middle of the shaft contains a central cavity,

termed the medullary cavity, which extends as a canal thronghout the

whole of it, or else is entirely or partially filled up with a cellular

bony structure, which cells are termed cancelli, and the structure a

cancellated structure. On a more careful examination of the bony
substance or shaft, we shall find it to be slightly porous, or rather oc-

cupied, both on its external and internal surfaces, by a series of very

minute canals, which, from their having been first described by our

countryman Clopton Havers, are termed to this day the Haversian

canals, and serve for the transmission of blood-vessels into the interior

of the bone. Further than this we cannot proceed in our investiga-

tion without optical assistance ; but if now a thin transverse section

of the same bone be made, and be examined by the microscope with

a power of 200 linear, we shall see the Haversian canals very plainly,

and around them a series of concentric bony laminae, from three to ten

or twelve in number. If the section should consist of the entire

circle of the shaft, we shall notice, besides the concentric laminae

around the Haversian canals, two other series of laminae, the one

around the outer margin of the section, the other around the inner or

medullary cavity. Between the laminae is situated a concentric ar-

rangement of spider-like looking bodies, which have, by different

authors, received the names of osseous corpuscles, calcigerous cells,
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lacunae or bone-cells, according as to whether they were ascertained

to be solid or hollow : these bone-cells, for this is the term which I

shall apply to them, have little tubes or canals radiating from them,

which are termed canaliculi by some authors, and tubes and pores by
others : those bone-cells which are nearest the Haversian canals have

the canaliculi of that side radiating towards and opening into the

Haversian canals, whilst the canaliculi of the opposite side communi-

cate or anastomose with those of the layer of canaliculi more external

to them, and those in the outer row have most of their canaliculi given

off from that side of the bone-cell which is nearest its own Haversian

canal ;
hence arises the transparent white line which often may be

noticed as surrounding each concentric system of laminae and bone-

cells : in some cases, however, part of the bone-cells of the external

row anastomose with another series of bone-cells, which are situated

between the concentric laminae. The average length of the lacunae or

bone-cells in the human subject is the T oVoth of an inch : they are of

an oval figure, and somewhat flattened on their opposite surfaces, and

are usually about one-third greater in thickness than they are in

breadth ; hence, as will be presently shown, it will become necessary

to know in what direction a specimen is cut, in order to judge of their

comparative size. The older anatomists supposed them, from their

opacity, to be little solid masses of bone ; but if the section be treated

with spirits of turpentine, coloured with alkanet root, or if it have

been soaked in very liquid Canada balsam for any great length of

time, it can then be unequivocally demonstrated that both these sub-

stances will gain entrance into the bone-cells through the canaliculi.

The bone-cells, when viewed by transmitted light, for the most part

appear perfectly opaque, and they will appear the more opaque the

nearer the section of them approaches to a transverse one ;
for when

the cells are cut through their short diameter, they are often of such a

depth that the rays of light interfere with each other in their passage

through them, and darkness results, whereas if the section be made

in the long diameter of the cells, they will appear transparent. When
viewed as an opaque object, with a dark ground at the back and con-

densed light, the bone-cells and canaliculi will appear quite white,

and the intercellular substance, which was transparent when viewed

by transmitted light, is now perfectly dark. It happens in most, if

not all, fossil bones, that the bone-cells, however much they may have

been soaked in turpentine, or even boiled in Canada balsam, are

nevertheless still opaque : this arises from the earthy matter, in which

they have been so long imbedded, having gained entrance into the
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bone-cells through the canaliculi : this even happens in the bones of

mummies, where, as Mr. Smee has shown, the bone-cells are fre-

quently full of the bituminous and other matters with which the

bodies were prepared. The structure between the bone-cells, which,

with perfect consistency, may be called the intercellular substance,

by an ordinary magnifying power, appears to be homogeneous ;
but

under higher powers, as Mr. Tomes has described, it will be found to

be minutely granular, the granules varying in size from -g^s to -r^-my

of an inch : they can be readily seen in a bone which has long been

subjected to the action of boiling water or steam, the granules being,

in fact, the true ossific matter of the bone. If a vertical section be

prepared, in a similar manner to the horizontal one just described,

and be examined with the same power, we shall find that the Ha-

versian canals, for the most part, take a longitudinal direction, and

that the bone-cells also assume a linear arrangement. Some few of

the Haversian canals run at right angles to the section, and these

communicate with the openings previously noticed,JDoth on the ex-

terior and interior of the shaft. Thus much may be said to compose
the hard part of bone ; we must now turn our attention to the soft

part. This, as has been before stated, consists of the periosteum,

which invests the outer, and of the medullary membrane, which invests

the inner surface, lines the Haversian canals, and is continued from

them, through the canaliculi, into the interior of the bone-cells, and

of the cartilaginous or other matrix which forms the investment of the

minute ossific granules. The earthy matter of the bone may be rea-

dily shown by macerating the section for a short time in a dilute solu-

tion of caustic potash ; but the granules, according to Mr. Tomes,

may be best obtained by subjecting bone to high-pressure steam, or

to a red heat, till the animal matter is removed, the mass may then be

reduced to powder, and a little dilute acid added, which will destroy

all the broken granules before the entire ones are at all affected.

The animal matter may be procured by using dilute muriatic acid

instead of caustic potash, when the earthy matter will be removed,

and the section will exhibit nearly the same form as when the earthy

constituent was present ; and when viewed microscopically, it will be

noticed that all the parts characterizing the section, previous to its

maceration in the acid, will be still visible, but not so distinct as when

both constituents were in combination. When, however, the animal

matter is removed, the bone will not exhibit the cells and the ca-

naliculi, but will be opaque and very brittle, and exhibit nothing but

the Haversian canals and a granular structure.
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If we consider what has been already mentioned as entering into

the composition of a bone, viz., the medullary cavity, the Haversian

canals, the canaliculi, and the bone-cells, we shall find that every part

thus described has been more or less hollow ; where, then, is the true

bony substance ? This is no other than the small granules of ossific

matter which are situated between the canaliculi of the bone-cells,

each granule having an investment of soft animal matter, by which

the whole mass of granules is kept in firm apposition.

The parts, then, which a transverse or a longitudinal section of a

long bone of a mammalian animal will exhibit, will be the Haversian

canals, the concentric bony laminae, the bone-cells and their canaliculi,

although all these parts, except the bony laminae, may be seen in all

mammalian bones, whether long or otherwise ; they are, nevertheless,

so differently arranged in the flat bones, such as those of the skull,

and in the irregular bones, such as the vertebrae, as to require a short

description at this stage of our enquiry.

The bones of the cranium are, in all cases, composed of two thin

layers, of compact texture, which enclose another layer of variable

thickness, which is cellular or cancellated. The two outer layers are

called tables, the one being the outer, the other the inner table, and

the middle or cancellated layer is termed the diploe : in this last the

principal blood-vessels ramify. The outer table of the skull is less

dense than the inner
;
the latter, from its brittleness, is termed by

anatomists the vitreous table. When a vertical section of a bone of

the skull is made, so as to include the three layers above mentioned,

bone-cells may be seen in all, but each of the three layers will differ

in structure : the middle or cancellated structure will be found to re-

semble the cancellated structure in the long bones, viz., thin plates of

bone, with one layer of bone-cells without Haversian canals ; the

outer layer will exhibit Haversian canals of large size, with bone-

cells of large size and a slightly laminated arrangement ;
but the

inner or vitreous layer will be found to resemble the densest bone, as

the outer part of the shaft of a long bone for instance, and will ex-

hibit both smaller Haversian canals and more numerous bone-cells of

ordinary shape around them. The same thing will hold good of the

ribs, scapula, and os innominatum, and of the irregular bones, such as

the vertebrae, the small bones of the wrist, and ankle-joints, they being,

in fact, nothing more than a cancellated or spongy tissue, enclosed by
a compact layer of denser bone. It will be noticed that the bone-

cells in all these bones are less regular in their size than in the long

bones, and hence there will be required more caution before pro-
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nonnciug an opinion upon them ; but luckily for the microscopist, the

denser parts of fossil bones are the last to be destroyed, and every

fragment he is likely to meet with will almost be certain to contain a

spot where the cells present their normal characters.

In birds the majority of the bones are hollow, and the solid walls

thin, but very compact in structure : the medullary cavity of the shaft

of the long bones, which in Mammalia is either filled with marrow or

with a cancellated tissue, is, in birds, often smooth, and is lined by a

membrane, which is a continuation of that membrane which forms the

air-cells of the lungs, and which gains admittance into the interior of

the bones by a large opening, termed the pneumatic foramen, which

is situated in the proximal extremity of each long bone : the extremi-

ties of the bones are not so thickly cancellated as those of the Mam-

malia, but the cancelli are supplied by small tubes of bone, which

shoot across from one side of the wall to that of the other, like so

many little pillars ; everything being wisely arranged with an evident

view to as much lightness as is compatible with strength. In those

birds whose wings are not destined for flight, the pneumatic foramen

still exists in some of the long bones, but is absent in others. In all

these birds the solid walls of the bones are much thicker, and the me-

dullary cavity is more cancellated : to such an extent does this thick-

ening of the walls take place, that in the Penguin nearly every bone

in the body is solid, and in the Apteryx not a bone is permeated by
air. The bony matter, although sparingly used, is of greater specific

gravity in birds than in any of the other classes of animals, in conse-

quence of there being a larger amount of earthy matter in it ;
and in

some bones, where the foramen exists, it almost rivals, in density and

in whiteness, the purest ivory ;
whilst in others, where the foramen is

absent, the bony matter is of a yellow colour, from the oily matter

contained in the medullary cavity.

A transverse section of the long bone of a bird, when contrasted

with that of a mammal, will exhibit the following peculiarities. The

Haversian canals are much more abundant and much smaller, and

they often run in a direction at right angles to that of the shaft, by
which means the concentric laminated arrangement is in some cases

lost
; the direction of the canals often follows the curve of the bone ;

the bone-cells also are much smaller and much more numerous, but

the number of canaliculi given off from each of the cells is much less

than from those of mammals: the average length of a bone-cell of the

Ostrich is -roVsth of an inch, the breadth ^Vsth.
In the thin crania of the small birds the Haversian canals are
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absent, and the bone-cells are very numerous, but the canaliculi pro-

ceeding from them are very few in number, and the granular matter is

very well seen
;
but when the crania are thicker, there are two plates

of bone, each containing bone-cells, with a system of Haversian ca-

nals between, forming a diploe or cancellated structure. In some of

the small birds, I have noticed that small tubes of bone, each pro-

vided with the characteristic bone-cells, extend inwards towards the

dura mater, but the precise office which these tubes perform I cannot

at present determine. A striking contrast between the transverse sec-

tion of the long bone of a bird and that of a mammal will be exhibited

when they are viewed with a power of about 50 linear ; that of the

mammal will show the Haversian canals with the concentric laminae

around them, whilst that of the bird will appear to be composed of

large curved laminae, which follow the direction of the outer margin

of the bone which is due to the Haversian canals, running for the

most part transversely : the concentric arrangement around the Ha-

versian canals, like that of the Mammalia, is only to be seen when

the canals run at right angles to the section.

In the Reptilia, the bones may be either hollow, cancellated, or

solid, and, generally speaking, whichever form prevails, the bone

may be said to be very compact and heavy, but the specific gravity

not so great as that of birds or mammals. The short bones of most

of the Chelonian reptiles are solid, but the long bones of the ex-

tremities are either hollow or cancellated : the ribs of the serpent tribe

are hollow, the medullary cavity performing the office of an Haversian

canal
;
the bone-cells are accordingly arranged in concentric circles

around the canal. The vertebrae of these animals are solid, and the

bone, like that of some of the birds, is remarkable for its density and

its whiteness. When a transverse section is taken from one of the

long bones, and contrasted with that of a mammal or bird, we shall

notice at once the differences which the reptile presents ;
there are

very few, if any, Haversian canals, and these of large size
;
and at

one view, in the same section, we shall find the canals and the bone-

cells arranged both vertically and longitudinally : the bone-cells are

most remarkable for the great size to which they attain
;

in the turtle

they are -jy7th of an inch in length : the canaliculi, too, are ex-

tremely numerous, and are of a size proportionate to that of the bone-

cell. In most bones, especially the flat bones, or thin plates taken

from any of the flat bones, the cells are arranged most frequently in

parallel rows, without any Haversian canals : the canaliculi are of

very large size, and are remarkable for their numerous bifurcations;
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their ramifications are so thickly grouped together, that in very thin

and uncut fragments of bone, they form so close a net-work over the

bone-cells as almost to obscure them by their opacity. The surface

of such bones will present a minutely-dotted appearance, which is

caused by the numerous canaliculi which open upon it. If the sec-

tion be very thin, it may be seen that the dots are really perforations

of the bone. The cells attain their greatest length in the compact

bones, such as those of the extremities, but in the flat bones they are,

generally speaking, much shorter and broader; and if the bone be a

recent one the contents of the cells may be distinctly seen. It will

often happen that in a transverse section there may be noticed cells

which appear at first sight like those of the Mammalia, they being of

a rounded figure, and having their canaliculi arranged like those of

the latter class. When they are more carefully examined, it will be

found that they are nothing more thau long cells cut across their short

diameters.

In fishes we have a greater variation in the minute structure of the

skeleton than in either of the three classes already noticed ; and there

are certain remarkable peculiarities in the bones of fishes, which are

so characteristic, that a bone of one of these creatures can never be

confounded with that of any animal of a higher class, when once the

true structure has been satisfactorily understood. We lose now those

characters which were evident in mammals and birds, and often, to a

certain degree, in reptiles, viz., the concentric laminated arrangement
of the bony matter, with a corresponding concentric arrangement of

bone-cells around the Haversian canals ; and we shall find that the

true Haversian canals may be even absent in some fishes, their place

being supplied by numerous layers of bone-cells. All the varieties

of structure in the bones of fishes which I have yet made out may be

referred to one of the following heads : by far the greater number of

bones exhibit nothing more than a series of ramifying tubes, like

those of teeth ; others exhibit Haversian canals, with numerous fine

tubes or canaliculi, like ivory tubes, connected with them ;
others

consist of Haversian canals with fine tubes and bone-cells ; whilst a

rare form, found only as yet in the sword of the Sword-fish {Istiophorus),

exhibits Haversian canals and a concentric laminated arrangement of

the bone, but no bone-cells. The Haversian canals, when they are

present, are of large size and very numerous, and then the bone-cells

are, generally speaking, either absent or but few in number, their

place being occupied by tubes or canaliculi, which are often of large

size. The bone-cells are remarkable for their quadrate figure, and
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for the canaliculi which are derived from them being few in num-

ber: they are readily seen to anastomose freely with the canaliculi

given off from neighbouring cells
;
and if the specimen under exami-

nation be a thin layer of bone, such as the scale of an osseous fish,

from the cells lying nearly all in one plane, the anastomosis of the

canaliculi will be rendered beautifully distinct. ]n the majority of

the bones of fishes the cells are not present, their place being occu-

pied (as has been before stated) by enlarged canaliculi or tubes
;
but

in all the hard bones, the enlarged tubes and the cells together, or

else the cells alone, will be found. In the hard scales of many of the

osseous fishes, such as the Lepidosteus and Callicthys, and in the

spines of the Silurida, the bone-cells are very beautifully seen : in

the true bony scales composing the exo-skeleton of the cartilaginous

fishes the bone-cells are to be seen in great numbers. In the spines
of some of the Ray family I have noticed a peculiar structure ; the

Haversian canals are large and very numerous, and communicating
with each canal are an infinite number of wavy tubes, which are con-

nected with the canals in the same manner as the dentinal tubes of

the teeth are connected with the pulp cavity ; and if such a specimen
were placed by the side of a section of the tooth of some of the Shark

tribe, the discrimination of one from the other would be no easy mat-

ter. In the spine of a Ray the analogy between bone and the ivory of

the teeth is made more evident, for in this fish we have tubes, like

those of ivory, anastomosing with the canaliculi of bone-cells. In

the scales, too, of the Dog-fish, and in a species of Shark, termed the

Squalus galens or tope, I have noticed a similar analogy to the dental

structure
;
in the same animals the bone-cells are absent, but, as in

the dental structure, their place is supplied by ramifying canaliculi or

tubes. As a general rule, I may notice that in scales and other thin

plates of fishes' bone the cells are of a quadrate figure, but in the

bones composing the internal skeleton they are much more elongated,

like those of the Reptilia, but the cell is never so broad or so long,

neither are the canaliculi so numerous as those of the latter class. In

Plate vii. fig. 4, maybe seen some of the cells which approach nearest

those of reptiles, but still the eye will detect many differences be-

tween them and those in fig. 3.

Having said thus much on the minute structure of the bone com-

posing the skeleton in the four vertebrated classes, let us proceed at

once to the application of the facts which have been laid down; and

let us, for example, suppose that a fragment of bone of an extinct

animal be the subject of investigation. It has been stated, that the
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bone-cells in Mammalia are tolerably uniform in size, and if we take

-rarvth of an inch as a standard, the bone-cells of birds will fall below

that standard, but the bone-cells of reptiles are very much larger than

either of the two preceding, and those of fishes are so entirely different

from all three, both in size and shape, that they are not for a moment
to be mistaken for one or the other, so that the determination of a mi-

nute yet characteristic fragment of fishes' bone is a task easily per-

formed. If the portion of bone should not exhibit bone-cells, but

present either one or other of the characters mentioned in a preceding

paragraph, the task of discrimimation will be as easy as when the

bone-cells exist. We have now the mammal, the bird, and the reptile,

to deal with: in consequence of the very great size of the cells and

their canaliculi, in the reptile, a portion of bone of one of these ani-

mals can readily be distinguished from that of a bird or a mammal :

the only difficulty lies between these two last
;
but notwithstanding

that on a cursory glance the bone of a bird appears very like that of

a mammal, there are certain points in their minute structure in which

they differ, and one of these points is in the difference in size in their

bone-cells. I have stated that the average size of the cells in Mam-
malia is -j-cTj-tfth of an inch, whilst in birds they are much smaller : to

determine accurately, therefore, between the two, we must, if the sec-

tion be a transverse one, also note the comparative sizes of the Ha-

versian canals, and the tortuosity of their course, for the diameter of

the canal bears a certain proportion to the size of the bone-cells, and

after some little practice the eye will readily detect the difference.

The fragments necessary for the purpose of examination are to be se-

lected with some little care, and on the whole a small chip (or two)

from the exterior of the shaft of a long bone is sufficient ;
but as

many fossil bones are coated with a layer of earthy deposit on their

external surface, it will be requisite to get beneath this deposit, as it

very seldom happens that the bone-cells are visible in it, but by a

fragment from about the middle of the laminae of the shaft the charac-

teristic bone-cells can at once be recognised. But in the comparison
of the bone of a mammal with that of a bird, I prefer transverse sec-

tions, as from the peculiarity in the arrangement of the Haversian ca-

nals in the latter class, it is highly important always to bear in mind

that the specimens used for comparison should be cut in one and the

same direction, for as it has been stated that the bone-cells, on which

we are to rely for our determination, are always longest in the di-

rection of the shaft of the bone, it would follow, that if one section

were transverse, and the other longitudinal, there might be a vast
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difference in the measurement of the bone-cells, in consequence of

their long diameter being seen in the one case, and their short

diameter in the other
;
and hence the caution of having all the sec-

tions made in one direction. In all doubtful cases the better plan is

to examine a number of fragments, both transverse and longitudinal,

taken from the same bone, and to form an opinion from the shape of

bone-cell Which most commonly prevails.

If we examine minutely the excellent table of the comparative
sizes of the blood-particles in the four great classes of animals, drawn

up with much care and attention by Mr. Gulliver, we shall find that,

with very few exceptions, the blood-particles of the human subject

are much larger than those of birds measured in the short diameter,

and that those of reptiles are much larger than either of the two pre-

ceding ;
and I have already mentioned that the bone-cells are the

largest in the reptiles, the next largest in the mammal, and the

smallest in the bird : now it would indeed be a curious result, if it

should ultimately turn out that the bone-cells of an animal are always
in proportion to the size of the blood-discs : my investigations at

present are not yet in a sufficiently forward state to warrant my
coming to such a conclusion, but still there are many cases in which

it holds good. It is well known to anatomists, that in proportion to

the size of the blood-discs so is the size of the capillaries, and as the

capillaries may vary so will the size of the muscular fibres, the

nervous fibres, and in fact every tissue and organ of the body, so that

when the size of the blood-discs is known, some general idea may be

formed of the sizes of the different component parts of the other

tissues ;
and should this mode of generalizing ultimately prove to be

applicable to the bone-cells as well, we shall be able not only to de-

termine the class of a fossil fragment, but to predict the size of the

blood-particles, and when they are once known the size and propor-
tions of the other soft tissues may at once be inferred.

The laws of Nature are undeviating in the construction of the

skeleton of vertebrate animals : the same regularity in structure, the

same method of arrangement of the bone-cells, has existed from

the time when the surface of our planet was first inhabited by a. ver-

tebrate animal up to the present period. The largest bones of the

mighty Iguanodon (say of 100 feet in length), of the Ichthyosaurus—
the tyrant of the water in former ages, of the gigantic Tortoise of

the Himalaya range (some 20 feet in length), present no appre-
ciable difference, in their minute structure, from the pigmy race

of lizards that we now tread under our feet. The bones of the
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gigantic Dinornis exhibit no difference in structure from those of its

now only existing representative, the Apteryx. The bones of the

Mastodon and the huge Megatherium, the giants of the land, are no

more remarkable for the coarseness of their structure than are those

of the smallest of the mammiferous quadrupeds, the mouse, and

such has been the prevailing law from the commencement of the

earth's existence, and such, no doubt, will continue to the end of

time.

MEASUREMENT OF BONE-CELLS IN PARTS OF AN ENGLISH INCH.
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XL—Additional Observations on the Intimate Structure of Bone.

By John Quekett, Assistant Conservator of the Museum of the

Royal College of Surgeons of England.

(Bead November 11, 1846).

In a paper which I laid before this Society at the meeting held

March 18th, 1846, entitled,
" On the Intimate Structure of Bone, as

composing the Skeleton in the four great Classes of Animals, viz.,

Mammals, Birds, Reptiles, and Fishes, with some Remarks on the

great Value of the Knowledge of such Structure in determining the

Affinities of Minute Fragments of Organic Remains," after describing

briefly the various parts of which the shaft of a long bone of the

Mammalia is composed, viz., 1st, a central or medullary cavity,
—

2ndly, a series of small canals (Haversian), around which are arranged

concentric laminae of bony matter,
—

3rdly, of a concentric arrange-

ment of spider-like looking bodies, which have been variously termed

osseous corpuscles, calcigerous cells, lacunae or bone-cells, each cell

having little tubes or canals, termed canaliculi, proceeding from

them,—I went on to show that the average length of the bone-cells in

the human subject was about ^y^th of an inch, that they were of an

oval form, somewhat flattened on their opposite surfaces, and usually

one-third greater in thickness than in breadth; that the bones pi

birds were all more or less hollow, and the Haversian canals much

smaller and more numerous than in Mammalia, that the bone-cells

also were of much smaller size, and their long diameters often placed
at right angles with the shaft of the bone

;
that in the Reptilia the

Haversian canals are large and not numerous, but the bone-cells and

their canaliculi are remarkable for their very large size, whilst in

fishes the Haversian canals were entirely absent in some bones, and

abundant in others : when entirely absent, their place appeared to be

supplied by bone-cells which presented several peculiarities, serving

to distinguish them from those of the mammal, the bird, or the reptile,

they being, for the most part, of a quadrate figure, and the canaliculi

given off from them but few in number, and readily seen to anastomose

freely with the canaliculi from other cells. I then proposed to apply

the characters derived from the bone-cells to the determination of the

class of animals to which any minute fragment of fossil or other bone
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may have belonged. I also stated that anatomists had long been fa-

miliar with the fact, that in proportion to the size of the blood-cor-

puscles so is that of the capillaries, and of the muscular and nervous

fibres; and it would appear that the same thing held good with

respect to the bone-cells. From the highly valuable table of the

comparative sizes of the blood-discs, published by Mr. Gulliver, we

learn, that the
blood-particles are largest in reptiles, smallest in Mam-

malia and birds, and in fishes of an intermediate size ; and it has been

already stated, that the bone-cells are largest in reptiles, and are

much smaller in Mammalia and birds
;
hence it would appear, that

the bone-cells are subject to the same law as the capillary, muscular,

and other systems ; and in the advanced stages of the inquiry, it may
possibly turn out, that if one or other of these systems be known the

size of the others may be readily inferred.

Since my last communication, of which the preceding is a brief

abstract, I have extended my researches to the investigation of the

minute structure of the bone of those Reptilia in which the blood -

particles are the largest, and have taken as examples some of the pe-

rennibranchiate Reptilia, viz., the Siren, the Proteus, the Menopome,
the Menobranchus, and the Axolotl, and the result of the examination

has been highly satisfactory, for I find, as I had predicted, that the

bone-cells would be the largest in those animals which had the largest

blood-discs. In the Siren they appear to have attained their greatest

size ; and this reptile, as far as I can learn, has larger blood-discs

than any other existing animal : the portions of bone examined were

taken from the skull, and from a vertebra, and these fragments exhibit

cells of enormous size
;
some of them are oval, others of* a quadri-

lateral figure, with very large but not very numerous canaliculi, whilst

others are not so broad, but much more elongated, and the canaliculi

so numerous as to form a dense net-work around the cells, which

nearly obscures them. The latter or elongated cells are chiefly

found in the thick or dense portions of bone, where they are arranged

in parallel rows, like those of the Turtle and Python before alluded to,

whilst the former or broad cells occurs in the thinner plates of bone,

and never are arranged in rows, but are scattered irregularly about ;

and if the bone be recent, the granular contents of the cells will be

readily made out : if the specimen be a thin one, and mounted in

Canada balsam, it will sometimes happen that the cells contain air,

and in the process of mounting the balsam will enter the canaliculi

and obscure them, and the cell will then appear like a large bubble

of air, for which it has been more than once mistaken. The bones of
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all the perennibranchiate Reptilia before enumerated present the

same form of cells, but in none do they equal in size those of the

Siren.

The structure, then, of the bone of the perennibranchiate Reptilia

may be characterized by the almost entire absence of the Haversian

canals, except in the large bones, and by having their place supplied

by enormously long and broad, and sometimes quadrilateral, bone-

cells, with large canaliculi, anastomosing freely with those of neigh-

bouring cells : the canaliculi are large, like those of fish, but not so

numerous as those of the ordinary reptiles, as may be seen by com-

paring figs. 4, 5, and 6, with fig. 3, in Plate vii. In fact, everything

agrees with the characters presented to us by the blood of these ani-

mals. I have never yet seen the blood of the Menopome, Proteus, or

Axolotl, but should infer, from the structure of their bone, that their

discs or corpuscles, as they are termed, are not so large as those of

the Siren. As some of the highest authorities in comparative ana-

tomy are still at issue respecting the true class to which the Lepido-
siren belongs, some regarding it as a reptile, others as a fish, I was

anxious to ascertain what evidence of its true nature might be ob-

tained from the structure of its bone ; and I may here state, that a

thin fragment from the base of the cranium exhibits two forms of very

large cells, the one of a quadrilateral figure, like those of the Siren,

the other of an elongated form, similar to those of the Turtle, but much

greater in breadth : the first kind were distributed irregularly, and at

wide intervals apart from each other, whilst those of the second or

elongated kind were arranged in parallel rows, with a dense net-work

of canaliculi around them, so dense in some parts as almost to ob-

scure the cell : in all these characters the structure agrees with that

of the bone of the perennibranchiate Reptilia just described, no cells

at all resembling them having as yet been found in any of the orders

of fishes. The cells of the latter animals which come nearest to those

of Reptilia are depicted in Plate vii. fig. 4
; they are from the Conger

Eel, and are elongated like those of the Turtle, but have not the

breadth, nor so great a number of canaliculi as those of the latter

animal, and they are so entirely different from the cells of any of the

perennibranchiate Reptilia, that not a moment's hesitation need be

required to satisfy an inexperienced observer of their want of identity.

The elongated cells are rarely to be found, except in the bones com-

posing the endo-skeleton of fishes: in the scales, and other thin

plates of osseous matter, the cells are of a small quadrilateral figure,

and have but few canaliculi, as may be seen in Plate viii. fig. 1,

TRANS. MIC. SOC. VOL. II. F
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which represents a portion of the scale of the Lepidosteus magnified

440 diameters. The other peculiarities in the bone of fish having
been mentioned in the preceding paper, and being so entirely different

in structure from any other bones of the higher animals, from the fact

of their having no bone-cells at all, I need not again allude to them

here. The Lepidosiren, then, however much its other true ichthyic

characters may prevail, may be said to be, as to the structure of its

bones, more like a reptile than a fish ; and thence it may be inferred,

that the blood-corpuscles are nearly equal in size to those of the

perennibranchiate Reptilia, to which the bone- cells are most nearly

allied.

MEASUREMENT OF BONE-CELLS IN PARTS OF AN ENGLISH INCH.
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EXPLANATION OF THE PLATES.

Plate V.

Fig. 1. A transverse section of the human clavicle, magnified 95 diameters, which

exhibits the Haversian canals, the concentric laminae, and the concen-

tric arrangement of bone-cells around them. Some of the Haversian

canals are white, others black
; the latter are filled with a deposit of

opaque matter, used in the grinding and polishing the section : the

outer margin of each of the series of concentric lamina? is white and

transparent, which is caused by the canaliculi of the outer row of bone-

cells being given off only from one side of the cell, and that side being
the one nearest its own Haversian canal.

Fig. 2. A transverse section of the femur of an Ostrich, magnified 95 diameters.

When contrasted with the preceding figure, it will be noticed that

the Haversian canals are much smaller and much more numerous,
and many of them run in a transverse direction. The bone-cells are

very much smaller, and the concentric laminated arrangement only-

visible where the canals run at right angles to the section. When the

concentric laminae do exist they are not so numerous as in Mammalia ;

rarely more than from three to five are found around any one Ha-
versian canal.

Plate VI.

Fig. 3. A transverse section of the humerus of a Turtle (Chelonia Mydas). It ex-

hibits traces of three Haversian canals, with a slight tendency to a

concentric arrangement of bone-cells around them : the bone-cells are

large and very numerous, but occur for the most part in parallel rows:

in these rows the cells are seen in their longest diameters, whilst in the

immediate neighbourhood of the Haversian .canals they present their

short diameters.

Fig. 4. A horizontal section of the lower jaw of a Conger Eel, which exhibits a

single plane of bone-cells arranged in parallel lines : there are no

Haversian canals present ; and when this specimen is contrasted with

that of fig. 3, it will be noticed that the canaliculi given off from each

of the bone-cells of this fish are very few in number in comparison
with that of the reptile.

Fig. 5. A portion of the cranium of the Menopome, which exhibits numerous

bone-cells of a large size : they are arranged in parallel lines, and are

much farther apart than those of the Eel or Turtle. No Haversian

canal is present, but there is a disposition to a concentric arrangement,

as seen on the left-hand side of the figure : at this part the bone-cells

are the largest.

Fig. 6. A portion of the cranium of a Siren (Siren lacertina), which is remarkable

for the large size of the bone-cells and of the canaliculi, they being

larger in this animal than in any other yet examined ;
as in the pre-

ceding specimens, no Haversian canals are present.

The above four specimens are magnified 95 diameters. >

f2
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Plate VII.

Fig. 1. A portion of human clavicle, magnified 440 diameters, to show the bone-

cells and their canaliculi : the largest of the bone-cells are about gJsth,

the shortest about
, : .v, ,1

h of an inch in length.

Fig. 2. A portion of the transverse section of the femur of an Ostrich, magnified
440 diameters. An Haversian canal is seen longitudinally divided,

with the small bone-cells arranged in parallel lines on either side of

it. The length of the bone-cells is on an average about igfoth of an

inch.

Fig. 3. A portion of the humerus of a Turtle (Chelonia Mydas), magnified 440 di-

ameters, in which the elongated bone-cells with numerous canaliculi

are well exhibited : the length of these bone-cells varies from ^th to

the gjjth of an inch.

Fig. 4. A portion of the lower jaw of a Conger Eel, magnified 440 diameters : the

bone-cells are neither so long nor so broad as those of the Turtle, but

the canaliculi are larger and less numerous. The longest bone-cell in

this specimen is 3J3th, the shortest t^th of an inch.

Fig. 5. A portion of the cranium of a Menopome, magnified 440 diameters, show-

ing the large size of the bone-cells and the canaliculi : although many
of the cells are not so long as those of the Turtle, they are nevertheless

nearly twice as broad. The length of the cells varies from the jjjth to

the ^th of an inch.

Fig. 6. A portion of the cranium of the Siren (Siren lacertina), magnified 440 di-

ameters. The bone-cells in this animal are the largest known ; they

are quite as long as those of the Menopome, and are much broader.

Some of them are as much as the 3£ th of an inch in length by the j^th

in breadth.

Plate VIII.

Fig. 1. A portion of the scale of the Lepidosteus osseus, which exhibits the quad-

rate form of bone-cell, with few canaliculi, which is generally found in

thin plates of bone of fishes.

Fig. 2. A small portion of bone, taken from the exterior of the shaft of the hu-

merus of a Pterodactyle, which exhibits the elongated bone-cells

characteristic of the higher orders of Reptilia.

Fig. 3. A transverse section of the spine of a Silurus, which exhibits numerous

branching tubes or canals, like those of teeth, but no bone-cells.

Fig. 4. A horizontal section of a scale or flattened spine from the skin ofa Trygon

or Sting Ray, which exhibits large Haversian canals, with numerous

wavy parallel tubes, like those of dentine, communicating with them.

It will be noticed that this specimen shows, besides these wavy tubes,

numerous bone-cells whose canaliculi communicate with the tubes, as

in many specimens of dentine.

Fig. 5. A portion of the base of the cranium of a Lepidosiren (Lepidoxiren annectens,

Owen), which shows two forms of very large bone-cells, similar to those

in the Menopome and Siren and other perennibranchiate Reptilia.

Fig. 6. A portion of the base of the cranium of a Lepidosiren, magnified 95 di-

ameters, which exhibits both the elongated and the quadrate form of

bone-cells, for the purpose of comparison with those of the Menopome
and Siren, in Plate vii. figs. 5 and 6, which are similarly magnified.
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XII.—Observations on the Structure and Nature of the Filaria medi-

nensis, or Guinea Worm. By George Busk, F.L.S., &c.

(Read April 15, 1846).

The subject of parasitic diseases, or the study of those morbid af-

fections of both animals and plants, which are caused by the attacks

of parasitic organisms of one or the other kingdom, is so intimately
connected with microscopic research, and depends for its ultimate,

complete elucidation so much upon the application of the microscope,
that the following observations relative to one of the most important

parasites of the human frame, may not, I hope, be considered altoge-

ther irrelevant to the objects of this Society. Having had many op-

portunities of observing instances of the occurrence of the Guinea

worm in this country, I have arrived at some conclusions with regard
to it, which, if found to be correct, will be of interest not only in

the particular instance of that worm, but may perhaps analogically

apply to a much greater extent among the nematoid Entozoa. The

subject, however, as it relates to the Filaria medinensis, cannot be

pursued to the full extent in this country, nor in Europe. It is re-

served for the observer in Africa or Asia to fill up the great gaps
which I believe yet exist in the complete history of this very trouble-

some Entozoon.

As, from the rarity of the occurrence of the Guinea worm here,

lew, even among medical men, can be presumed to be very familiar

with what is already known regarding it, I may perhaps be excused,
before entering upon the proper subject of this paper as it concerns

microscopic research, for adverting very briefly to a few of the

main points connected with the natural history of the Entozoon;
and the more so, as all these facts in some degree tend to confirm

the conclusions at which I am disposed to arrive from considerations

drawn from its anatomical structure.

The Filaria medinensis or Guinea worm is an extremely common

parasite of the human frame in those parts of the world where it is

endemic. Fortunately, however, these parts are neither numerous

nor very extensive. They are chiefly certain regions of tropical

Africa and Asia. The proper habitation of the worm is in the torrid

zone, but it is not confined to that zone, nor does it occur by any
means in all tropical countries. It is met with, according to Kiinse-
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muller, in Arabia Petraea, on the borders of the Persian Gulf and of

the Caspian Sea,
— on the banks of the Ganges,

— in Upper Egypt,

Abyssinia and Guinea. From its frequency in the latter country its

vulgar name is derived, but its occurrence even there is extremely ca-

pricious. In some districts on the coast of Africa almost every native

coming off to the ships is found to be affected with the worm, whilst

in other places, distant only a few leagues, scarcely a trace of it will

be met with. The same narrow limitation of range has also been

observed in India, and the epidemic prevalence of the worm has

been supposed to be connected with the periodicity of the seasons.

In India, it is stated by some writers to prevail mostly in the months

of November, December and January. Correct observations, how-

ever, with respect to periodicity, are much to be desired, with refe-

rence not only to this but to all Entozoa.

In America the Guinea worm is unknown, except in persons

who have had communication with Africa or other parts where it is

indigenous. The island of Curacoa is the only locality in the New
World which offers an apparent exception to this fact; and it would

be highly desirable to ascertain the real state of the case in this in-

stance.

Though endemic only in the above-mentioned parts of the world,

it would yet appear that all races of mankind are obnoxious to the

attacks of the Filaria when exposed to what may be called the con-

tagion, that is, when placed in circumstances under which it might
be supposed a contagious seminium could be conveyed to them.

This liability is incurred, so far as I have been able to ascertain, by
the exposure of the bare surface of any part of the body to water in

which the infection may be supposed to reside. There is, at all

events, at present no evidence of any other source of infection. I

have known many instances tending to prove that, in order that a

European should become infected with the Guinea worm on the

coast of Africa, it is not necessary he should have been ashore at all.

It has been quite sufficient for him to have exposed the bare surface

of some part of his person to the water in the native canoes alongside,

or, it may be, to the discharge from the sores of those labouring un-

der the disease. This mode of its introduction accounts for the fre-

quency with which the legs and feet are attacked by the parasite in

preference to other parts of the body, as it will always, I believe, be

found that the men who have become so affected have been in the

habit of going about with bare feet, as is common among sailors in

warm latitudes. That the contagious material is conveyed in water
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is also further indicated by the well-known fact, that in India, where

it is the custom for the natives to carry water in skins on their backs,

the worm makes its appearance on the back and shoulders and upper

part of the body. The observation that very little intercourse with

the land is necessary for the conveyance of the worm, is strengthened

by the statement made by Rudolphi, that it occurs in persons who
have neither eaten nor drank in the countries where it is endemic, but

who yet become contaminated with the seminia afterwards to be de-

veloped.

The entrance of the worm into the body is apparently unattended

with any observable symptom, and the person affected is unconscious

of its presence until the period when it is ready to make its exit.

The life of the worm as a parasite may be divided into two periods.

And its existence as a whole, or until, as I suppose, its cycle of de-

velopment is completed, presents at least three, and it may be, four

periods or phases.

In one of these periods the worm is latent, and in the other its ex-

istence is manifested by external symptoms.
The former or latent period lasts, as I deduce from several cases in

which I have had the opportunity of inquiring carefully into all par-

ticulars, from twelve to eighteen months, seldom less or more. Dur-

ing this period the worm resides in the cellular tissue, and probably

usually at some depth from the surface, but this of course varies ac-

cording to the part invaded. In the instance of which the prepara-

tion is now before you, the parasite, as you will perceive, occupies
the cellular tissue immediately around the tendo Achillis and the

lower part of the muscles of the calf of the leg. It was discovered

accidentally in dissecting the leg of a negro youth from the coast ol

Africa, during whose life there were no indications of the worm's

existence. It is to be remarked, consequently, that during the latent

period the animal does not appear to exert any irritating influence

upon the surrounding tissues. No mark of inflammatory or other

morbid action was observable in the cellular tissue in which the

worm is lodged, in the present instance.

Assuming the longer of the above-mentioned periods as the term

of the animal's latency, it would follow that its growth is very rapid ;

for I have, in every instance that has come under my notice, found

that the length of the worm has nearly reached, and in some in-

stances has exceeded, six feet. This would give a growth of about

an inch a week as its rate of increase. When the period of ripening,

as it may be termed, has arrived, the worm makes its presence and



68

its intended exit through a perforation of the skin, known by various

symptoms which it is needless here to describe. The point of exit

is usually marked by circumscribed inflammation and suppuration ;

aud the prolonged and tedious extraction of the worm is usually ac-

companied throughout with a good deal of suppuration and pain, ac-

cording to the situation and relations of the part affected and the

habit of the patient, and also in a great degree according to the mode
in which the artificial extraction is proceeded with.

The worm invariably presents itself with the head first. On this

account, unless an opportunity (which rarely occurs) be afforded of

seeing the case before the pustule by which the point of the crea-

ture's exit is indicated be opened, the head is usually rubbed off and

destroyed. Out of many cases occuring in this country I have only
once succeeded in obtaining a perfect cephalic extremity of the

worm. The caudal extremity is thus of course always the last to

come away, and I have had abundant opportunities of examining this

portion of the animal.

The whole worm, when mature and fresh, is of a transparent,

milky white colour, and presents an indistinct, brownish, wavy, lon-

gitudinal streak ; it is cylindrical, and about -^ of an inch in diame-

ter, and as I have stated, from four to six feet in length. The surface

is marked by distinct and regular transverse or circular rugas, which

are more or less approximated according to the degree of extension

in which the worm may be placed. In consistence it is tough and

elastic to a remarkable degree ;
so much so, that when quite fresh, a

portion admits of being elongated to nearly double its natural length.

When dried the body assumes a flattened, riband shape, like all the

nematoid worms with two opposite bands of muscle, and it becomes

horny and transparent. The cephalic extremity is obtuse and

rounded, and presents a minute oral orifice, around which the exter-

nal integument appears to be thrown into radiating folds. But I

have not made as accurate an examination of this part as I could

have wished, owing to the difficulty of procuring specimens with that

extremity in a perfect state. The body presents the characters de-

scribed above. The caudal extremity is more or less acuminated,

-subulate and curved, as shown in Figs. 1, 2, 3, 4, 5. Tn conse-

quence of the varieties presented in the form of this part, it has been

formerly erroneously described as affording a distinguishing sexual

character. But that, in reality, it affords no such character, is suffi-

ciently obvious when it is remarked that all the varieties of the cau-

dal extremity occur in individuals containing living young, and
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which are consequently all of one sex. The male Filaria medineit-

sis is described apparently as a matter of course by nearly all who

have written on the subject. I have, however, myself never seen any
other form of the worm than that in which young are contained, al-

though I have more than once extracted two, or even three indivi-

duals from the same limb of the same person. Mr. Owen (Cyclopedia

of Anatomy and Physiology, vol. ii. p. 122) remarks that the caudal

extremity of the male is obtuse, and emits a single spiculum, and

even gives {I. c.) a figure of such an individual
; but with the greatest

deference to so high an authority, I cannot help thinking that the

appearance presented by the caudal extremity in that instance must

have been deceptive, and that it is to be referred to some unusual at-

tenuation of the acuminated point in a worm of the usual kind. Of

course this is merely thrown out as a surmise, and it would be highly

interesting, in fact of the utmost importance, as regards the true na-

ture of the worm, to determine the question one way or the other.

The principal view, which it is the object of this paper to exhibit,

depends for its support entirely upon the non-existence of a male

Filaria medinensis in the parasitic condition. But in venturing to

make these observations upon the statement of so eminent an observer,

I am glad to find myself supported by what Rudolphi says on the

same point. He states (Mantissa Entozoologiae, p. 20, 1819) "that

in two specimens he had observed the caudal apex, subulate, inflexed,

and a line in length ; and in a third, semiterete, rather acute, subin-

curvated, but not subulate nor as much curved as in the others;" and

he goes on to say
"
that being struck by the variety of the caudal ex-

tremity (which he had taken for a mark of sexual distinction, and

had the more readily fallen into this erroneous notion on account of

the presence of young ones in the female specimens) he had referred

to the distinction of the sexes in giving the specific definition of the

Filaria, but had ascertained by renewed examination after the sy-

nopsis was printed, that all the above specimens were female and

proligerous."

I have not been able to perceive any anal or other orifice at the

caudal extremity of the worm, nor in any part of its length, and con-

sequently believe that none such exists.

The outer integument is white, semitransparent, firm, and of con-

siderable thickness, highly elastic and extensible, and marked exter-

nally with transverse rugse, as mentioned above. Whether these

rugae are dependent upon the presence of distinct circular fibres or

not, I have not been able to satisfy myself completely. At first sight
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the membrane appears to consist of only one layer, but when torn in

different directions it is found to be composed of three or more layers

of a minutely fibrous texture, the direction of the fibres in which is

diagonal, so that they cross each other alternately. That the circu-

lar rugae are owing to wrinkles of the membrane and not to circular

fibres, appears probable from the fact that they disappear when the

worm is forcibly extended. Immediately within this elastic integu-

ment are found two fasciculi of muscular fibres, placed on the oppo-
site sides of the body, and which extend uninterruptedly from one ex-

tremity of the worm to the other. A portion of one of these fasciculi

is represented in Fig. 6, a. The muscular fibre is not marked with

transverse stria?. On each side of these muscular bands is a thin

tract of a peculiar substance, and in the middle of each of these tracts

is a more or less transparent line (Fig. 6", b, b). The substance com-

posing the tracts is minutely granular, and presents no other aspect

under the highest power I have been able to employ. The transpa-

rent line appears to be a canal excavated in the granular substance,

and is without visible walls.

These tracts also extend from one end of the worm to the other,

and they are evidently analogous to organs of a similar appearance

present in the Aacaris lumbricoides, &c, and the function of which

is not yet I believe understood. They may probably be connected

with a nervous system, no other trace of which has been evident to

my observation. The longitudinal muscular fasciculi and the lateral

tracts of granular substance are placed between the outer and inner

membranes or tubes which constitute the body of the worm, and they

appear to be firmly adherent to the former. The internal tube is

constituted of a soft, pulpy substance, covered with a delicate mem-

brane. It forms numerous lobular, rounded folds or projections,

hanging as it were into the cavity of the body, as seen in the figure

of a transverse section of a portion of the body (Fig. 8), which affords

a lateral view of these projections, and (Fig. 9), which represents

them as seen from the inner surface. They are of a rounded form

and of various sizes, and present a homogeneous, minutely granular,

pulpy substance, filled with numerous minute, various-sized, more or

less globular, highly refracting particles (Fig. 11). These processes

apparently correspond to the analogous folds or nutritive processes,

as they are termed, of the Strongylus and Ascaris (appendices nour-

riciers of Cloquet).

The cavity of the body thus circumscribed by these lobular folds

contains a pultaceous material, in which are imbedded the innume-
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rable young, and through it runs a narrow intestinal tube, which ex-

tends from the mouth to the caudal extremity of the worm, where it

appears to end in a ceecal point. This intestinal tube does not, as in

many of the Nematoidea, present any division into oesophagus, sto-

mach and intestine, or at all events, the former must be extremely
short. It appears to be a simple tube, into which is received pro-

bably blood or other fluid from the tissues in which the animal is

lodged. Its contents are a brownish, granular material, upon the

real nature of which the microscope throws no light. The tube it-

self is formed of a delicate, transparent membrane (Fig. 13).

Owing either to the coloured substance contained within it, or to

the colour of the tube itself, it can readily be distinguished on open-

ing any specimen of the worm in a perfect state. When deficient, it

has probably been drawn out, as very readily happens, on account of

its loose and unattached condition
;

for it is not connected with the

parietes of the worm, at all events, for the greater part of its length,

as the intestine is in most of the Nematoidea, by filamentary mesen-

teric processes. In consequence of this unattached condition it is

very readily lost from detached portions of the worm, and it is pro-

bably in consequence of some accidental circumstance of this kind

that Mr. Owen has been unable to detect any digestive tube after a

careful examination of three individuals (Cycloped. Anat., vol. ii. p.

144).

The young Filarice, as I have said, occupy the cavity of the body
around this intestinal tube, and are mixed with a pultaceous material,

sometimes agglomerated into minute irregular masses. There is no

vestige of any ovarian tube, or of any other viscus than that described

above : and the only apparent outlet for the young is the open extre-

mity of their parent when making its exit. It would consequently

appear that a rupture of the body of the parent is required for the

escape of the offspring.

The young of the Filaria are amazingly numerous ; in most in-

stances constituting the bulk of the contents of the animal's body.
But they seem to me to be less crowded towards the caudal end, at

which part the pultaceous material in which they are lodged predo-
minates.

The young Filaria, when expelled from the body of the parent, is

scarcely visible to the naked eye. It consists of a rounded body,

constituting about |ths its length, and of an attenuated tail or caudal

extremity constituting the other fths. The blunt extremity exhibits a

rounded oral orifice, communicating with what appears at first sight
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to be a simple ventricular cavity, occupying the whole length of the

body or thicker portion, and terminating posteriorly in a blind,

pointed extremity, as shown in Fig. 14, a, «, a, but upon closer exa-

mination this ventricular cavity is found to be formed of a folded or

spiral tube, as shown in Fig. 14, b, b. The caudal extremity appears
to be solid. The external surface is marked with delicate and regu-

lar circular ruga?, as in the parent animal. The longitudinal, mus-

cular bands are not evident. The interior usually contains coarse

granular matter, much resembling that in which the young Filarice

lie, but mixed with many larger, more refractive, globular masses,

apparently of an oily nature. Although no muscular fibres are evi-

dent under the closest examination, there can be no doubt of the

existence of muscular substance in some form or another, as when

first extracted the young Filarice are very active. They are also

extremely tenacious of life, and will revive after having undergone
a considerable degree of desiccation : a fact which accident has

enabled me to verify from actual observation.

In a case in which extraction of the worm was going on, the man

himself, in pulling at it one evening, broke off a portion about four

inches in length, and in order to preserve it to show me on the fol-

lowing morning, he placed it between the leaves of a book. He gave

it me in the morning, when it was quite dry and flattened. As I was

desirous of examining the structure of the worm, I placed this dried

portion in some lukewarm water, in order to soften it, and was sur-

prised a short time afterwards, on proceeding to the examination, to

observe the young in active motion, and which continued for some

hours. T am unable to assign the limits of this vitality or the con-

ditions necessary to its maintenance for any length of time ; but ex-

periments with this object would be highly interesting, though it ap-

pears probable that they would require for their complete success to

be undertaken in the countries where the worm is endemic. The

young, when fully formed, do not appear to be attached in any way
to the parent animal, and they are nearly always of a uniform size, and

consequently may be supposed to be of the same age, and I have not

observed any differences in this respect in the successive portions of

the parent worm as they have been brought away. But there is no-

thing to disprove the supposition that the young lodged in the poste-

rior part of the body of the parent may be undergoing progressive

development, whilst their companions are being slowly issued into

the world at the other extremity. I have occasionally, though very

rarely, met with instances of imperfectly formed young ones, one of
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which is represented in Fig. 14, e, which will be observed to differ

very much from the more fully developed ones shown in Fig. 14, a,

a, a, and principally in the absence of the attenuated caudal extre-

mity. There are also sometimes to be observed in the pulpy sub-

stance of the parietes of the worm, elongated, oval bodies, of a granu-
lar structure, and firmly attached to the membrane, and which may
perhaps represent a still earlier stage of the embryo's growth, but

this is as yet very uncertain (Fig. 12). In the instance of the worm
now on the table, and which may be considered as approaching the

term of its latent condition, the young already correspond with the

description given above, and appear to be alike in all portions of the

worm.

Having thus briefly described the chief points connected with the

anatomy of the worm, I will proceed with a few observations as to its

presumable nature. The now rather numerous facts that have been

collected with reference to the occurrence of an alternation of gene-
rations in many of the lower classes of animals, or it may almost be

said, in all the Invertebrata, in some mode or another, already afford

considerable ground for the support of an hypothesis which will

serve to throw considerable light upon the hitherto obscure relations

that obtain in many of the multiform creatures thrown together under

the name of Entozoa.

In a recent work by a Danish naturalist, Steenstrup, published by
the Ray Society, a tolerably complete exposition will be found of all

that is yet known on this interesting subject. The longest and most

complete chapter of that work refers to the Entozoa, but principally

to the Trematode class, to which the author's own observations were

especially directed. The development of distomata of more than one

species is there, satisfactorily to my mind, deduced from Cercaria,

which live in water external to the animals which they afterwards in-

fest. The mode in which these parasites penetrate the water-snails

is clearly detailed, and reference is made to other observations tend-

ing to prove, that a penetration from without in earlier stages of

development of the parasites is not confined to those soft-skinned

animals alone, but takes place in fish, and even through the intesti-

nal canal of Batrachians. Having thus proved the penetration from

without and the existence of alternate generations, presenting entirely

different forms, in the Trematode class, the probable existence of a

similar alternation of generations in the Nematoidea is alluded to,

and the instance of one {SphcBrularia), a parasite of Hymenopterous

insects, is adduced as an instance of the kind. Though the supposi-
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tion is probably incorrect in this instance, as the nematoid worm

above mentioned has been found by Eschricht to possess sexual or-

gans, the Filaria medinensis, in my opinion, does present an instance

of a transition form of the nature alluded to. It must be confessed,

however, that as yet the existence of an anterior and succeeding form

to that with which we are acquainted in the Guinea worm, rests only

upon circumstantial evidence. The intermediate form in all those

animals in which the mode of development by means of alternate ge-

nerations obtains, or as it is termed by Steenstrup, the "nursing"

generation, though of various kinds in other respects, presents in all

cases certain common distinctive characters.

1. It is always female in its attributes.

2. The modification which the female organism undergoes for the

purpose of becoming a "nurse," at all events, when destined for that

class of "nurses" in which the third or fourth generation, as the

case may be, is to be developed, consists in the abortion of parts of

the generative tube, viz., the ovaries and oviducts. "Nurses" of this

kind may, in fact, as Steenstrup says, be considered as individualized
"
uteri."

3. It is always proligerous, never oviparous.

Now if we consider the anatomical structure and the external rela-

tions of the Guinea worm with reference to the above particulars, we

shall find that it presents all the characters of a "
nursing

"
or inter-

mediate generation.

1. It is unisexual and female.

2. The female organs are modified, so that no trace of an ovary or

of anything but what may be considered a uterine cavity remains.

3. It is also necessarily only proligerous.

The truth of the first proposition of course depends upon the cer-

tainty of there being no male Filaria medinensis, as I have before

observed. The second and third propositions are sufficiently ob-

vious, and in fact are so obvious that M. Jacobson compares the

body of the worm to a tube or sheath inhabited by the young ones,

than which, a more accurate definition of one of Steenstrup's

"nurses" could scarcely be given.

We are, however, still deficient in any knowledge of some very

important points connected with this worm, and which it is neces-

sary should be determined before the theoretical view of its nature I

have ventured to propose can be deemed anything more than an un-

certain speculation.

But a strong proof in favour of the opinion that the Guinea worm
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enjoys in some form or other an existence external to the bodies of

animals, is derived, as I think, from the circumstance already men-

tioned as having been observed with respect to its limited local dis-

tribution, even in those regions where it is endemic. It has been

stated by various writers, and I have had the observation confirmed

by men who had been on the coast of Africa, that the prevalence of

the Guinea worm is sometimes defined by a distance of a few leagues.

That in one part, for instance, of the coast, almost every inhabitant

will be found affected with it, whilst at another, only a few leagues

off', the worm will be almost unknown, notwithstanding there being

no restriction upon the intercourse between the inhabitants of the

one part with those of the other. It may also be observed that the

Guinea worm is never found to spread from one person to another in

any other parts of the world than those indicated above, or as it may
be said, where it is indigenous, even allowing that the contagion is

direct from person to person, even there. The island of Curacoa af-

fords, as has been already mentioned, the only doubtful exception to

this position.

Now I think that consideration of these facts will lead to the pro-

bable supposition that the worm requires, in some stage of its exis-

tence, a certain condition of external nature for its propagation and

development. For it is evident that during its latent stage it must

be, to a great extent, independent of external influences, and will

arrive at maturity as a parasite under the most various conditions of

climate and race in the person affected with it.

The conclusions, then, to which I am inclined to come from what

is known respecting the Guinea worm, are :
—

1. That the parasitic condition is one phase or stage of its life,

not as an individual, but as a species.

2. That this parasitic form is preceded and followed by other

forms, in one of which the species exhibits itself in its complete

development, and is probably like other worms of the nematoid class

— bisexual
; and that the young found within the parasitic form

represent probably these complete individuals in the embryo state.

3. That these embryos arrive at their full development externally
to the animal economy, and require for their development conditions

of external nature which appear to occur only in some parts of the

globe.

4. That the perfect form of the Filaria medinensis is at present

unknown, and is to be sought for, in all probability, only in those

countries where the worm is endemic as a parasite.
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DESCRIPTION OF PLATES X AND XI.

Figs. 1—4. Exhibit the varieties presented by the caudal extremity of the Guinea

worm (all proligerous).

Fig. 5. Shows obscurely the termination of the intestinal tube, towards the caudal

extremity of the worm.

Fig. 6. The integument of the worm laid open, and exhibiting a portion of the

longitudinal band of muscle on one side, much retracted (a), and on

each side of it a narrow tract of granular substance, with a (supposed)

central canal (b, b). N.B. It is not improbable that these lateral

tracts are connected by a thin expansion lying on the internal aspect

of the muscular band.

Fig. 7. A portion of the muscular band more highly magnified.

Fig. 8. Transverse section of part of the cylinder of the worm.

a. The external integument.

Fig. 9. A view from the interior of a similar portion.

Figs. 10, 11. Exhibit the appearance of the membrane constituting the folds of the

internal tube.

Fig. 12. Oval granular bodies, scattered here and there on the inner surface of the

integument, or between the two tubes of which the body of the worm

is constituted.

Fig. 13. A portion of the intestinal tube, composed of a delicate, transparent mem-

brane, with its brownish, granular contents (no epithelium observable).

Fig. 14. a, a, a, Young Filaria. b, b. The convoluted form assumed by the inter-

nal tube of the young Filaria, when macerated in water and partially

decomposed, c. A long Filaria, rolled up, and not quite so large as

the straight ones. d. The more highly magnified caudal extremity of

a young Filaria. e. A form of young Filaria, occasionally, though

very rarely observed.
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XII.—On the Occurrence of Fossil Xanthidia and Polythalamia in

Chalk. By Henry Deane, Esq.

(Read October 15, 1845).

The occurrence of Xanthidia in either a recent or fossil state, has

not hitherto been observed in any other situation than in flint nodules

of the upper chalk formation, and it has been a matter of surprise that

the chalk itself surrounding the flints should not have afforded

evidence of their existence. So perfectly free from them does it

appear, that the prevailing opinion has been, they had not an existence

out of the flints themselves, that is to say, floating loosely as indepen-

dent beings in the seas of the cretaceous period ; but that they were

immediately connected with the substance, whether animal, vegetable,

or spongeous, which, in the course of decomposition, has been replaced

by the silica, now forming the nodules in which they are found. My
own observations had led me to the conclusion that they were inde-

pendent animal existences,
—whether of sponges or not I could not

tell,
—and in all probability to be found elsewhere than in flints.

These views have lately been remarkably confirmed by my finding

them abundantly in a piece of chalk, picked up in the course of a

ramble along the beach between Folkstone and Dover. Proceeding

along the beach from Folkstone towards Dover, and at a short distance

before arriving at Lydden Spout and the ruins of Round Down Cliff,

a grayish kind of chalk, having no flint nodules, so far as I could find,

but containing quantities of nodules of iron pyrites, juts into the sea,

and forms the beach for some distance. Many of these pyrites had

the shape of shells which had formed their nuclei, and one piece con-

tained something like charred wood. The appearance of fossils so

remarkably different from those in the bed of chalk immediately
above them, led me to conclude that there might be other organic re-

mains of an interesting nature, for microscopic examination. I there-

fore cut out a piece of pyrites of singular form, with the adherent chalk,

and afterwards dissolved it out by means of hydrochloric acid. The

copious insoluble sediment left after the action of the acid, being ex-

amined by the microscope, exposed to view bodies similar to, if not

identical with, the Xanthidia in flints
;
and I could clearly recognize X.

spinosum, ramosum, tubiferum simplex, tubiferum recurvum, mal-

TRANS. MIC. S0C. VOL. II. G
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leoferum, and pyxidiculum, together with casts of Polythalamia and

other bodies frequently found in flints.

This singular discovery at once suggested the possibility of ascer-

taining the true nature of these bodies, as it afforded facility for isolat-

ing and mounting them in various ways for examination. From their

minuteness, however, it was impossible to examine them chemically,

or to apply a powerful solvent without risk of damaging the instrument,

while observing its effects upon them. In shape they are somewhat

flattened spheres, the greater part of them having a remarkable resem-

blance to some gemmules of sponge, and having a circular opening in

the centre of one of the flattened sides (Plate IX. figs. 10 and 11).

The arms or spines of all appear to be perfectly closed at the ends, even

including those which have been considered in the flint specimens to

be decidedly tubiferous, showing that if the arms are tubes they could

afford no egress to a ciliated apparatus, similar to those existing among

zoophytes. On submitting them to pressure in water between two pieces

of glass, they were torn asunder laterally like a horny or tough carti-

laginous substance, and the arms in immediate contact with the glass

were bent. Some specimens put up after several weeks maceration in

water, were so flaccid that, as the water in which they were suspended

evaporated away, the spines or arms fell inclined to the glass. These

circumstances alone seem clearly to disprove the idea of their being

purely siliceous. The casts of the Polythalamia, portions of minute

crustaceans &c, appeared also to be, like the Xanthidia, some modi-

fication of organic matter, and in the case of the Polythalamia, the

bodies are so perfectly preserved, that in some the lining membranes

of the shells are readily distinguished (figs. 17—19). By far the

greater number of the specimens of Xanthidia found in flints, are

more or less mutilated and crippled ; and it is not a little remarkable

that the same state, both as to character and extent of deformity,

exists among those in the chalk, and affords strong presumptive evi-

dence of the identity of the two objects. During the investigation

I had observed many thin, empty shells, somewhat like the husks of

peas, more transparent than the Xanthidia, somewhat crumpled, and,

with one exception, cracked open laterally. The entire one contained

a small globular body, about the size and color of the smallest kind of

Xanthidia, but quite smooth.* These I conceived to be identical

with the Pyxidicula of the flints. This fact seems to throw a little

light on their nature, and taken with the circumstance that a large

* I have since found reason to believe many of these bodies to be portions of Rotalice.
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portion of the disengaged bodies, varying in the roughness of their

surfaces, bear a strong resemblance to the gemmules of some sponges,
which are of course known to be the rudimentary sponge, has led me
to the belief that they also are but rudimentary forms of some animal

or animals in a progressive state of developement, and that what-

ever connexion they may have had with the matter once occupying
the place of the flint, they certainly appear to have no natural con-

nection with Xanthidia, so called, of our freshwater ponds.

EXPLANATION OF PLATE IX.

Figs. 1 to 16. Various forms of Xanthidia, magnified 260 linear.

Figs. 10 a, 11 a, 15 a. Ditto, „ 460 „

Fig. 17.)
( „ 260 „

Fig. 18. I Three Polythalamia, „ 260 „

Fig. 19. J ( „ 460 „

Fig. 20. A minute coralline (?) „ 140 ,,
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XIII.—On a Mode of Isolating the Siliceous Shells of Infusorial

Animals found in Ichaboe Guano. By H. Deane, Esq.

(Read October 15, 1845.)

Soon after the guano from Ichaboe reached this country, it was

found to contain the siliceous shells of infusorial (?) microscopic ani-

mals, allied to those brought from Richmond, in Virginia, and from

Bermuda. But the patient searching of many of my friends, was only

rewarded by the occasional appearance of a solitary Coscinodiscus, or

something analogous, until it occurred to me to decompose the guano
with nitric acid. The result was very satisfactory ; and the following

is the process I adopted.
Take any convenient quantity of pure Ichaboe guano, and wash it by

repeated ablutions of distilled water, until the water is no longer

coloured, observing after each addition of water, that it must be well

stirred two or three times, and then allowed to settle for some hours.

When sufficiently washed, a small quantity of hydrochloric acid is to

be added to the water last used: this dissolves some portion of

it with effervescence, and causes a more perfect subsidence of that

which it does not act upon. After this, allow sufficient time for the

deposit to become well settled down; then, the clear liquor being

poured off as closely as possible without loss of the sediment, a quan-

tity of strong nitric acid, in the proportion of about two fluid ounces

to every ounce by weight of guano employed, is to be added. A
strong effervescence ensues, which is to be assisted by setting the

mixture in a warm place, at the temperature of about 200°, for six

hours, during which time, the greater part of the guano is dissolved.

After allowing it to cool for twenty-four hours, pour off the acid liquor

as closely as possible, and wash the sediment with an abundance of

distilled water. The finer portions of this sediment will contain all

the siliceous shells of the guano, perfectly freed from extraneous

matter. The accompanying slide, for the museum of the society, was

prepared in the manner just described, and contains many very beauti-

ful species, most of them well known, but many new both to myself
and others more experienced in this branch of microscopic obser-

vation.
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XIV.—A New Application of Polarized Light in examining every

description of Objects. By John King, Esq.

(Read November 11, 1846).

Take for an analyzer a double-image prism, of moderate separating

power, and place it over the eye-piece of the instrument.

The field will then appear to be edged by two areas of less intensity

than the centre, occasioned by the duplication of the circle of light.

Next put upon the stage a plate of selenite, which exhibits, under

ordinary circumstances, the red ray in one position of the polarizing

prism, and the green ray in another, and each arc will assume one of

these complementary colours, whilst the centre of the field will remain

perfectly colourless.

Into this field introduce any microscopic object ; and, whatever its

structure, it will exhibit the effects of polarized light, with great in-

tensity and purity of colour.

In this way, many objects which, in the usual arrangement of the

polariscope, undergo no change in colour, are made to display the

most brilliant effects.

Sections of wood, feathers, Alg& and scales, are among the objects

best adapted to this kind of exhibition.

By substituting selenite that shows a variety of colours, the effects

are still more gorgeous.

The best power for the purpose is a two-inch object-glass, the intensity

of colour as well as the separating power of the prism being impaired
under much higher amplification, although in some few instances,

such as in viewing animalculae, the inch object-glass is, perhaps, to be

preferred.

The following appears to afford an explanation of this remarkable

fact ; but diffident of my own opinion, I respectfully submit it to the

notice of those members of the society who have made the subject of

polarized light their study.

This phenomenon is attributable to the double-image prism separat-

ing the constituents of the polarized ray into two planes, and causing
them to overlap each other, except at the edges where the light is

analyzed; and, of course, the combination of the complementary colours
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in the centre of the field, produces again white light. Any object,

therefore, placed in the white field, partakes of the characteristics of

the selenite; one image being refracted into the plane which exhibits

the green ray, assumes that colour, whilst the second image being re-

fracted into the plane of the red ray, partakes of that tint. Should,

however, the object be so large that actual separation of the images is

not effected, the extremities and interstices only will be polarized,

whilst the middle will remain dark, or present only its natural hue.
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XV.—On the Application of Polarized Light in Microscopic Investi-

gations. By M. S. Legg, Esq.

(Read December 9, 1846).

It has been truly and eloquently observed by Sir David Brewster,

that " the application of the principles of double refraction to the ex-

amination of structures is pregnant with a very high interest. The
chemist may perform the most dexterous analyses; the crystallographer

may examine crystals by the nicest determination of their forms and

cleavages ; the anatomist and the botanist may direct the dissecting-

knife and use the microscope with the most exquisite skill ; but there

are still structures in the mineral, the vegetable, and the animal king-

doms, which defy all such methods of examination, and which will

yield only to the magical analysis of polarized light. A body which

is quite transparent to the eye, and which appears upon examination

to be as monotonous in its structure as in its aspect, will yet exhibit

under polarized light the most exquisite organization, and will display
the result of new laws of combination, which the imagination even

could scarcely have conceived. Like the traveller who has visited an

unknown land, polarized light emerges from bodies bearing with it

the information.it has acquired during its passage, and indicating the

structures through which it has passed, when put to the question of

optical analysis. As an example of the utility of this agent in ex-

ploring mineral, vegetable, and animal structures, I may refer to the

extraordinary organization of Apophyllite and Analcime ; the symme-
trical and figurate depositions of siliceous crystals in the epidermis of

Equisetaceous plants ; and to the wonderful variations of density in

the crystalline lenses and the integuments of the eyes of animals." *

In order, therefore, to facilitate the application of this principle,
and to render the subject interesting to those who may be disposed to

adopt it in microscopic investigation, or who may already have the

necessary apparatus fitted to their instruments, as well as for the infor-

mation of those whose avocations may have debarred them from the

study of this branch of natural philosophy, it is proposed to describe

a series of apparatus, and to detail some experiments which, although
well known to a few, are not generally understood by mere microscopic

*
Report on Optics, Brit. Ass. 1832.
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observers, and which may generally be adapted to almost any instru-

ment.

In conducting experiments on this subject it is usual to employ
one of three methods of producing polarized light, viz.—

1st. A bundle ofplates ofcrown glass (see PI. XII. fig. 1), from which

the light is to be reflected at an angle of 56° from the perpendicular, a

portion of the light being reflected from the surfaces of the glass, and
another portion being transmitted, each of these portions is found by
analysis to consist of rays of light polarized in opposite planes. This

method is employed when it is required to illuminate a large object,

as in the single or doublet microscope, and in the oxy-hydrogen ap-

paratus.

2nd. A plate oftourmaline (see fig. 2), cut parallel to the crystalline

axis of the crystal : it is necessary to be careful in the selection of

tourmalines ; they should be as free from colour as possible, and dark-

coloured ones to be avoided as almost useless in investigations of

colours. Tourmalines are, however, seldom used as polarizers, in

consequence of the difficulty of obtaining them of sufficient mag-
nitude.

3rd. A NicoVs or single-image prism (see fig. 3), which is a portion
of a crystal of Iceland spar cut and combined with a piece of glass,

so as to throw out of the field of view one of the two images produced

by the double refraction of the crystal. This is the most eligible for

the compound microscope, in being perfectly free from colour, and

requiring no adjustment beyond transmitting the light, either direct or

reflected from the mirror
;

it may be fitted into the diaphragm, and

also be adapted to the achromatic condenser, to be employed with

high powers in the examination of minute structures.

As a test of polarized light, it is necessary to employ analyzers of

the most convenient form ; they consist of apparatus possessing the

same properties as the polarizers, that is, of causing light to pass in

only one plane of vibration : the polarizer and analyzer should, when

superposed, allow the light to pass freely in one position, and produce
a dark field when turned one-fourth of a revolution ; for this purpose
either of the two last-named pieces of apparatus can be employed :

the tourmaline will be found useful for ascertaining if the object under

examination possess the property of polarization, as it may be placed

over the eye-piece without cutting off any part of the field of view;

but if the analyzer be required as a test of colour, the Nicol's prism
should be employed, and placed in the body of the instrument, and as

near to the back of the object-glass as possible.
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The following experiments, if carefully performed, will illustrate

the most striking phenomena of double refraction, and form an useful

introduction to the practical application of this principle.

The apparatus necessary is—
A Nicol's prism to be adapted under the stage ;

A double refractor adapted to the eye-pieces ;

A film of selenite, of uniform thickness, adapted according to its

crystalline axis ; and

A plate of brass, 3 inches by 1, perforated with a series of holes,

from about the -^th to £th of an inch in diameter : the di-

ameter of the smallest hole should be regulated according to

the power of the object-glass and the separating property of

the double refractor.

Exp. 1. Place the piece of brass so as for the smallest hole to be

in the centre of the stage of the instrument, employing a low power
(about 1^ inch) object-glass, and adjust the focus as for an ordinary

microscopic object; place the doubly-refracting crystal over the eye-

piece, and there will appear two distinct images ;
then by revolving

the eye-piece the images will describe a circle, the circumference of

which cuts the centre of the field of view ; the one is called the ordi-

nary, and the other the extraordinary ray. By passing the slide

along, so as for the larger orifices to appear in the field, the images
will not be completely separated, but will overlap as in fig. 4.

Exp. 2. Screw the Nicol's prism into its place under the stage,

still retaining the double refractor over the eye-piece ; then by ex-

amining the object there will appear in some positions two, but in

others only one image ;
and it will be observed that at 90° from the

latter position this ray will be cut off, and that which was first ob-

served will become visible ; at 180°, or one half of the circle, an

alternate change will take place ;
at 270° another change ;

and at

360°, or the completion of the circle, the original appearance (see

fig. 6).

Before proceeding to the next experiment, it will be as well to ob-

serve the position of the Nicol's prism, which should be adjusted with

its angles parallel to the square parts of the stage (see fig. 10), in

order to secure the greatest brilliancy in the experiment : the proper
relative position of the selenite may be determined by noticing the

natural fractures or flaws in the film, which will be observed to run

parallel to one another : these flaws should be adjusted at about 45°

from the square parts of the stage (see fig. 11) to obtain the greatest
amount of depolarization.

TRANS. MIC. SOC. VOL. II. H
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Exp. 3. If we now take the plate of selenite thus prepared, and

place it under the piece of brass on the stage, we shall see, instead

of the alternate black and white images, two coloured images (as in

fig. 7), composed of the constituents of white light, which will alter-

nately change (by revolving the eye-piece) at every quarter of the

circle ;
then by passing the brass along, so as to bring the larger ori-

fices in succession into the field, the images will overlap, and where

they overlap white light will be produced (see fig. 5). If by accident

the prism should be placed at 45° from the position just indicated (see

fig. 12), no particular colour will be observed, and it will then illus-

trate the phenomenon of the neutral axis of the selenite, because

when placed in that relative position no depolarization takes place.

The phenomena of polarized light may be farther illustrated by the

addition of a second double-refractor, and a film of selenite adapted
between the double-refractors.

Exp. 4. By placing the apparatus as described in the first experi-

ment (that is, removing the Nicol's prism and plate of selenite, but

retaining the brass plate), we shall observe the two images as shown

in fig. 4
; then by placing the second double-refractor over the first,

so as for all the faces of the one to be parallel to all the faces of the

other, as if they formed but one piece, the eye will perceive two dis-

tinct images, but at twice the original distance from each other (see

fig. 8). If we now turn the crystal nearest the eye, from left to right,

two faint images will appear ; continuing the turn, the four images
will be all equally luminous ;

and when the crystal has turned round

90°, there will be only two images of equal brightness. Continuing
the turn, other two faint images will appear; further on the four

images will be equal ;
still further they will be unequal ; and at 180°

of revolution they will all coalesce into one bright image.

Exp. 5. The above results will be rendered more interesting by in-

terposing between the doubly-refracting crystals the film of selenite.

Place the doubly-refracting crystals and the selenite upon the brass

mountings, so that the marks upon the brass mountings (as in figs. 13,

14 and 15) shall correspond. Instead of the two white images, as in

the preceding experiment, we shall see Ihree, of which the two outer

ones will be one colour (say green), and the middle its complementary
colour or red

; by turning the crystal nearest the eye, the middle

image will gradually divide, until the completion of a quarter revolu-

tion, when four images will appear, of equal brilliancy, two of each

colour; revolve the crystal until the completion of the half circle, and

the three images will reappear, but with different properties, the outer
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images being red and the middle green ;
at another quarter revolution,

four images, but with opposite colours, will be observed, and at the

completion of the revolution the original appearance (see fig. 9).

If instead of the relative positions of the crystals and selenite, as

indicated in this experiment, the positions be changed, so that the

selenite shall be at 45° from its former position, the ventral axis of the

selenite will be parallel or perpendicular to the plane of polarization,

and as in that position no depolarization takes place no colours will

be produced, and the results will appear as if no selenite were inter-

posed.

The systems of coloured rings, in crystals cut perpendicularly to

the principal axis of the crystal, are best seen by screwing the Nicol's

prism under the stage and employing the lowest object-glass ; place the

crystal over the eye-piece, and use either a short prism or a tourma-

line as an analyzer.

The above remarks are submitted to the notice of the Microscopi-
cal Society in the hope of directing the attention of scientific observers

to this branch of optical science, in which so much scope still exists

for the determination of the laws of various phenomena in natural

history. According to the opinion of the eminent author first quoted,
" There is scarcely any branch of the subjects of double refraction

and polarization which does not afford the richest fields of discovery.

Even the theory of undulations, with all its power and all its beauty,

is still burdened with difficulties, and cannot claim our implicit

assent. It has not yet brought under its dominion the phenomena of

elliptic polarization in all its varieties, from the rectilineal polarization

of transparent bodies to the almost circular polarization of pure silver.

It has not yet explained the singular influence of the force of double

refraction over the force which polarizes light, and it has great diffi-

culties to struggle with in accounting for certain phenomena of ab-

sorption.
" The determination of the physical data of these departments of

science constitutes a new and almost untrodden field, which may be

successfully cultivated by almost every variety of talent. The re-

fractive indices of the two pencils in all crystallized bodies, measured

in reference to fixed points of the spectrum, as has been lately done

by Rudberg ; the angles at which light is polarized by reflexion from

crystallized and uncrystallized surfaces
;
the inclination of the re-

sultant axes of crystals having double refraction, for different rays of

the spectrum ;
the dimensions of the ellipse which regulates the po-

larization of metals and their alloys ;
the circularly polarizing forces
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of fluids and solutions
;
and the refractive and dispersive powers of

ordinary solid and fluid bodies, measured according to the method of

Fraunhofer,
— are some of the points to which we would call the at-

tention of young and active observers."

EXPLANATION OF PLATE XII.

Fig. 1 represents a bundle of plates of crown glass, in which a ray of common light,

having two or more planes of vibration, is reflected at an angle of 56° from

the perpendicular, the portion which is reflected having one plane of vi-

bration, and that which is transmitted vibrating in a plane at right angles

to it.

Fig. 2. A plate of tourmaline : the light which emerges after transmission is found to

consist of polarized light, vibrating in a plane corresponding to the axis of

the crystal.

Fig. 3. A Nicol's prism : a ray of light, on entering the prism, is divided into two

pencils, one of which is transmitted, and the other is so refracted, by means

of the glass, that it is thrown out of the field.

In these figures, the arrows indicate the direction of the ray of light ; the

circles with crossed lines represent common light ; and those with only one

line polarized light, with its plane of vibration.

Fig. 4 represents the complete separation of the images by the double-refractor, and

the effect of passing the larger orifices of the brass plate along the stage.

Fig. 5 shows the effect of adding a Nicol's prism and plate of selenite, with the de -

composition and recomposition of white light.

Fig. 6 gives the appearance of revolving the double-refractor, and the alternate cutting

off of each image, at every quarter of a revolution (as in Exp. 2).

Fig. 7. The same as before, with the addition of a plate of selenite.

Fig. 8. The effects produced by two double-refractors, in separating the images to

twice the distance from each other, compared with those in fig. 4, and the

appearances presented at every quarter revolution of the second crystal.

Fig. 9. The same as above, with the interposition of the plate of selenite.

Fig. 10. The most suitable position for the Nicol's prism in investigations where a

plate of selenite is employed.

Fig. 11. The proper position of the selenite, in relation to the polarizer, to produce

the best effects.

Fig. 12. The Nicol's prism, turned about 45° from its former position, which should

be carefully avoided in using the selenite plate.

Figs. 13, 14 and 15. The brass mountings of the double-refractors and plate of

selenite. The crystals and selenite should be adjusted to the relative posi-

tions indicated in figs. 10 and 11, and the slits in the mounting placed in

a line, to produce the appearances in fig. 9.
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XVI.—Observations on Xanthidium, both Fossil and Recent.

By Samuel James Wilkinson, Esq.

(Read January 14, 1846).

The interesting genus Xanthidium among the fossil Infusoria is so

well known to microscopists that it is quite needless for me to enter

upon an explanation of its peculiarities. My object is to bring under

notice two peculiar forms of Xanthidium which I have lately met with

in some slides prepared from gun-flints, and which differ from any of

the figures accompanying Mr. H. H. White's paper on this subject

(see Vol. i.p. 77),
—one in particular, as at Plate XIII. figure 1, where

it will be perceived that the tentacula, instead of diminishing in

diameter from the base towards the apex, gradually dilate in that

direction, a difference so remarkable that there can be no doubt of its

being a distinct species. Unfortunately, I am unable to state that

more than one specimen has come under my observation, and that

one has the disadvantage of being imperfect. Figure 1 represents it

as it appears under the microscope, but there is a sufficient portion

of it to form a very correct idea of its perfect form, of which the fol-

lowing may be taken as the characters.

Body ovate, hollow, with tubiform tentacula, smallest at the base,

and gradually dilating to the apex, having their terminations depressed

and irregularly stellate.

The body is smaller than in other fossil species when compared
with the tentacula, which latter are nearly equal to two diameters of

the former, and if the specimen were entire they would amount to from

twelve to fifteen in number. The size of this species is about ^-f^th of

an inch in diameter, and I beg leave to distinguish it under the name

of Xanthidium claviferum* from the nail-like form of the tentacula.

The other fossil species, as represented in PI. XIII. fig. 2, is likewise

in a portion of a gun-flint, but I do not think there is sufficient diffe-

rence between it and Mr. H. H. White's figure 5 of PI. VIII. Vol. i.,

which he calls Xanthidium spinosum, to designate it as new, and

* This species was originally named Xanthidium tubiferum dilatatum, but as the

duplex trivial name is contrary to the rules of nomenclature, it has been thought

advisable to alter it to Xanthidium claviferum, which is perhaps more expressive of

the character of the tentacula.

TRANS. MIC. SOC. VOL. II. I



90

I have, therefore, merely drawn it to represent a peculiarity which

I have never met with in that or any other species. On reference to

the figure, there appears, as it were, a groove or division round the

circumference, similar to that formed by two cups when placed on

each other so as to make their rims or upper edges meet. There also

seems to be a peculiarity in the arrangement of the tentacula :
—the

tentacula of Xanihidia generally pass from the body in a direction

perpendicular to its centre without any apparent fixed arrangement
of position, but in this instance an inspection of the figure will show

that both in the upper and lower portions there are two circlets of

tentacula, one placed round each extremity and another round that

part where the specimen appears to be separated. The size is ^4-jth
of an inch in diameter

;
number of tentacula about 25.

I now beg to call your attention to the following observations

upon recent Xanthidia, and this is I believe the only instance which

has been mentioned since Mr. White read his paper in February, 1842,

where he states that fig. 14, PI. VIII. Vol. i. of these Transactions, was a

representation of a Xanthidium which was received from New York

in some water sent to Mr. E. J. Quekett, by Professor Baily, but as I

had not the pleasure to see more than the specimen figured by
Mr. White, I have taken drawings of the several species which have

been brought under my observation by my friend Mr. J. T. Norman.

They were discovered in some Thames mud, taken up at Greenhithe,
in Kent, in July last : it consisted partly of the usual detritus of the

river, and a portion of that slimy description which is found upon piles

or stones which are covered by the water at certain states of the tide.

After this mud had been washed in the usual manner, the residuum was

treated with nitric and sulphuric acids and again washed. These

Xanihidia are evidently not of a siliceous nature, and it is therefore

remarkable that such powerful acids should not have destroyed them.

On referring to Mr. Deane's paper on those Xanihidia which he

found in chalk near Dover, I perceive he also states that they are

not siliceous. I consider them to be of a horny nature, similar to the

wiry-sponges, which Mr. Bowerbank describes as being very dffiicult

to destroy without the action of fire.

These recent specimens I have arranged in the same order as laid

down in Mr. White's paper, but refrain, in the present state of my
enquiries, to assert that they are either new or identical with the fossil

specimens figured by him.

I deem the discovery of these species so near to London a very

fortunate circumstance, as it will afford opportunity to those persons
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who are interested in the subject to follow up these observations, and

I look forward to some valuable facts being elicited respecting the

economy of the genus.

My endeavours to trace them in Thames mud from other localities

much higher up the river, have been entirely without success, but I

think this may be attributable to Xanthidium being more a marine,

than a fluviatile, genus, which opinion is strengthened by the circum-

stance of their being found at New York, in the Mediterranean, and

in our own river approximating to the ocean. I shall, however, con-

tinue the enquiry, and if anything worthy of note should present itself

to my notice, I shall feel great pleasure in submitting it to the

Society.

7, Jeffreys Square,

January 14, 1846.
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EXPLANATION OF PLATE XIII.

Fig. 1. Represents Xanthidium claviferum, discovered in a gun-flint: it has a hollow

oval body, with the tentacula gradually dilating from the base towards the

apex, where they terminate in irregularly stellated processes ; the tenta-

cula longer than the diameter of the body, and about twelve to fifteen in

number. Size jfoth of an inch in diameter.

Fig. 2. Found also in a gun-flint. Similar to Xanthidium spinosum, but bears a de-

pressed line or division round the body. Size j^jth of an inch in diameter ;

the tentacula terminate in an acute point, and amount to about twenty-

five in number.

Fig. 3. This species is like Xanthidium spinosum (See Plate, VIII. fig. 5, Vol.
i.), but

is not longer than one-third of the diameter of the body, and appears to be

terminated at the extremities much less acutely, as is obvious on com-

paring the two figures. The size is ^th of an inch in diameter. I

have seen several specimens similar to this from the same locality :

the drawing is taken from the largest.

Fig. 4. This species is very similar to X. crassipes, although the tentacula are neither

so numerous round the circumference nor so broad, and they do not exceed

one-fourth of the diameter of the body, while in the specimen figured by
Mr. White, they are equal to one-half the diameter. The measurement

is about ^ th of an inch from opposite extremities of the tentacula.

Fig. 5. Similar to X. tubiferum-recurvatum, and measures from opposite extremities

of tentacula about ^gth of an inch. This specimen is remarkable for its

having the tentacula distorted or bent from the plane of direction, which

is another proof of the flexible nature of their substance. It may further

be observed that the apices of those organs assume no regularity of form—
they appear to be split in different ways, as if by accident.

Figs. 6 and 7. Represent two specimens of the same species, but from diffe-

rent localities. Fig. 6 is from the Mediterranean, being found in the

residuum of a Pinna shell from that locality -. it was treated with muri-

atic acid to procure the siliceous shells attached to it. It appears
identical with the recent Xanthidium from New York, as figured at PI.

VIII. Vol. i. : the tentacula are terminated in the same manner, but are

not so long ; the size is ^th of an inch in diameter, and on the under side

is an appendage similar to the neck of a flask, a peculiarity I have likewise

occasionally observed in some fossil species. Fig. 7 was discovered in the

Thames mud in company with figs. 3, 4, and 5, but is much smaller,

being only 3$j,th of an inch in diameter. '
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XVII.—On Chara vulgaris. By Cornelius Varley, Esq.

(Read Nov. 12, 1845).

Chara being the plant in which the important fact of vegetable cir-

culation was discovered, and in which, from the extreme simplicity of

its structure, much more is possibly observable, and with lower

magnifying powers than other plants require, I trust you will favour-

ably receive the additional observations which I now offer with a view

of increasing our knowledge of that interesting plant.

Through the liberal aid of R. H. Solly, Esq., who first made me

acquainted with the plant, various observations of mine on Chara,

Nitella, &c, have been published in the ' Transactions of the Society
of Arts.' And I have now again subjected the plant to more rigorous

observations, and have made correct tracings with my graphic micro-

scope of every circumstance that appeared to be of consequence.
The result has been the finding much order in the arrangement of the

different parts, together with the successive dependence of those

parts on each other, and also a regular difference in the character and

importance of the cells.

Description of the Seed.

The first indication of the seed on the parent plant is the seed-case,

which is situated between four green sprouts, w, fig. 1, pi. 14. Five

tubes, «, first appear close together, each having a terminal cell.

These are twisted together spirally to the left, like a five-threaded

screw, of two and a half turns, leaving a transparent and nearly paral-

lel space between them. As the seed grows this space widens and
becomes opaque, showing that the seed then fills the case. When
full-grown it becomes like «, fig. 2.

The circulation in the spiral tubes is from the bottom to the top, at

the outer side, and down again on the inner side next the seed, as

shown by the arrows. I notice this particular, because in the other

contiguous tubes which surround the stem and fruit-arms the course

of the circulation is different. The spiral to the left is also peculiar
to the seed, all the other spirals being to the right.

TRANS. MIC. SOC. VOL. II. K
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The five terminal cells form a little coronet on the seed : their cir-

culation is up the outside and down the angular inside. The five

tubes are not round, and are situated as in fig. 3.

The agreeable fonn of the seed-case is preserved by the tubes

being enlarged above the seed so as to fill the space, all but a

narrow, five-sided portion, which may possibly be a central cell.

The foot-stalk of the seed consists of four cells, one above the

other, the first or lowest uniting it to the plant. The five surrounding

tubes rise from the third cell, and this cell is remarkable as being the

one that is always broken through when the seed falls off. The

tubes also extend their contact to the second and fourth cells.

Fig. 2, », represents the globule or male flower : the bottom of its stalk

is angular, projecting from between the first and second cells.

The first and second cells of the foot-stalk have vertical or oblique

circulation ; the third cell, df
is very shallow and five-sided : its cir-

culation is horizontal. In these three I have not seen a nucleus, but

the fourth cell has a globular body, e, going round with the circulation,

as shown by an arrow.

When the seed is ripe the tubes decay, leaving it covered with car-

bonate of lime : the interposition of which shows that the tubes do

not adhere to the seed.

The seed is one-fortieth of an inch long, and of a chestnut brown ;

when dry it appears gray, from the covering of lime. This coating

will occasionally crack off; its section is then like a, fig. 4, and the

seed-surface like b, b. Weak muriatic acid dissolves the crust, and

the true colour of the seed can then be seen, the ridges also will then

be found to have on them a very thin membrane, c, c, which grew be-

tween the five tubes.

The lower end of the ridges being continued, forms the five an-

gles of the fourth and third cells, d, d, and e, e ; the cell e, e, being

broken through when the seed separates from the plant, the ridges

go no lower ; we may therefore consider these two upper cells as be-

longing to the seed, and the two lower ones to the plant.

The contents of the seed are very like wheat flour. In water the

globules act like lenses, and when the microscope is adjusted to their

focus, and the hand held between them and the light, every globule

shews a small image of it.

The five ridges divide the skin into five straps ;
for on germination

taking place, their ends separate neatly at the ridges, as a, a, in fig. 5,

to let the young plant protrude.
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The lowest roots, J, c, d, e, rise out of the same opening, and first

the foot-knot, /, appears : it is a circle of a few transparent cells,

out of which other roots, g, h, grow. The portion of the stem

between this knot and the lower roots consists of one short cell,

forming the lowest part of the stem.

The plant so far, being colourless and transparent, shows the cir-

culation in perfection, as indicated by the arrows.

All the succeeding portions of the plant are elongations from the

head, i, but should that be injured, a second or a third stem may
be produced from the upper foot-knot, /, but none from the seed,

leading therefore to the conclusion that it is a single seed and not a

seed-vessel. Indeed, the whole contents of the seed appear to be ab-

sorbed by the production of a single plant, and the skin falls away

empty.

Fig. 5 is a plant about a week old ; fig. 6 the top or head, i, of one

a few weeks older : its several circulations are shown by arrows. As
the growth proceeds one of the head-sprouts becomes larger than the

rest, and the plant thus far consists of single tubes. But from the

midst of these head-sprouts the succeeding portions of the plant arise,

having a covering of smaller tubes : b* is a continuation of the largest

root, b, to show five secondary roots, j, branching from it.

Fig. 7. A portion of the plant of the natural size. Every knot may
produce roots, but it is remarkable that they always proceed from

the upper surface of the knot and then turn downwards, so that it is

not peculiar that the first roots also should rise upwards with the plant
and come out at the top of the seed-skin, and then turn downwards.

Stems precisely like the original one may be produced from any of

the knots; the only projections being the similar number of arms

at each knot, all of which are liable to bear fruit.

That the stem and aims are tubular, and entirely covered with

smaller tubes, and that the circulation can mostly be observed in

these tubes, is well known. But the structure of this covering of

tubes, and the peculiar mode and order of their development, are the

circumstances deserving more particular attention.

The number of fruit-bearing arms in each cluster is variable, seven,

eight, but most frequently nine are found, and as I have occasionally
found ten, I cannot correctly state the number due to a complete

plant.

Nine blossoms and seeds generally grow on each arm, but I have

sometimes had the plant with two globules and two seeds at each

K 2



96

joint of the arms, and as the plant elongates with an indefinite num-

ber of knots, it must be very produetive of seeds.

In the first place I have to remark that the number of arms, h, h, at

each knot, has a remarkable connexion with the tubes covering the

stem, see fig. 8, and these tubes are of two sorts, primary and secon-

dary. Under each arm, h, one primary tube, d, descends, and one

also ascends above each arm : these last meet other primary tubes

descending, set midway on the stem, and each of these divides into

two secondary tubes, so that with nine arms there will be nine pri-

mary tubes and eighteen secondary ones, making twenty-seven around

the stem, while with seven arms there will be only twenty-one.

Secondly. The primary tubes are formed of several lengths, a and

b
y ft, b, joined together in one line by very peculiar cells, c, d, fig.

10, and these primary tubes are joined to the plant by their first cells

only, a ; and the secondary tubes, e, f, are still more detached, their

sole connexion with the primaries being by means of their small cells

c, d
y from which they emanate, like side-leaves from a central stalk.

One of the ascending and two of the descending sets are pulled

away to show their structure.

Thirdly. The ascending and descending primary tubes never come

into contact with each other, but reciprocally end between the oppo-
site secondary tubes.

Fig. 8 shows this alternate junction midway on the stem, and fig.

9 the general appearance of this alternate meeting on an extremely

young stem.

Fourthly. All the covering-tubes grow close together, with a slight

lateral adhesion, and so form a coat to the stem, but they are pre-

vented from touching it by a layer of carbonate of lime, which

crystallizes round the stem beneath the coating.

Fifthly. The primary tubes are much larger than the secondary

ones and thus give an angular form to the stem, as shown in the sec-

tion, fig. 11 : this allows more room for the coating of carbonate of

lime beneath the secondary tubes, and therefore it is most frequently

to be seen through them, as indicated in fig. 8.

Sixthly. The covering-tubes sometimes so much outgrow the

stem as to form a very loose jacket, like fig. 12, their extreme ends,

a, both at top and bottom, continuing united to the plant.

In other cases the stem out-grows the covering tubes : and then

bends out, as in fig. 18, in which case it resembles a bow, the tubes

forming the string. This shows the tubes to be detached from the
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stem, except at their ends, and gives the most favourable opportunity

of observing the various circulations. All the parts of these figures,

12 and 13, were alive and in most healthy circulation when the draw-

ings were made.

The cells, c, d, are the smallest, and the tubes, «, by b, the largest

features on the stem (figs. 8, 10, 12, 13 and 27), a and b are primary,

being united to the stem and bearing the secondary ones, e, f;

yet their small cells, c, appear to be of more importance, as they are

well developed before the others come into sight, and are then so

nearly of their full size as to form almost the whole bulk of the

youngest buds. Their early maturity, and their being stationary dur-

ing the future growth of the plant, marks them as peculiar and impor-

tant cells, deserving of much farther examination.

Fig. 14 represents the whole of three upper and three lower lengths

of covering-tubes, with their exact number of cells, correctly drawn

from a very young stem, but spread flat. The alternate position of

the upper and lower sets is also shown. Fig. 15 is a side view of one

length. In these figures the secondary tubes, e
t f, are the smallest

objects, and the primary tubes, a, b, are the next in size, being
shorter than they are wide, and not any larger than the cells, c, yet

the cells, c, appear to be as complete as they are ever likely to be.

Fig. 16 is a careful tracing from nature of a very young stem, a lit-

tle more advanced than fig. 14. Here the end cells of the primary
tubes have just passed each other, and have mutually entered between

the opposite secondary tubes. This avoidance of contact between

the upper and lower primaries is remarkable.

There is also a series of globular cells, g, g, close under the arms,

which arrive at maturity very early, and their clusters correspond with

the arms, there being two clusters to each arm : these are shown in

figs. 8, 16 and 27.

The fruit-bearing arms in their early state of maturity also possess
features of similar importance : these are the little studs, h, h, and the

terminal cells, i, which in the full-grown arm, fig. 18, are but small,

but in the very young arms, figs. 19 and 22, are very large in propor-

tion, when compared with the former.

Fig. 17 is one arm stripped of its covering, to show the ten long

cells, j, j, and the terminal one, i, which compose it. Fig. 18 is the

same with its proper covering.

It may now be stated that the covering tubes, k, I, are formed at

the same time with the central tubes, j,j, and that both grow together.
If in any case the central tubes or any part of them are bare, they do
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not become covered, or if the tubes lose their adhesion to each other,

they do not again unite, and where there are no covering tubes no

fruit is produced.
In figs. 17 and 18 the central tubes, j, are long, and the covering-

tubes, k, I, rise half-way up one length and descend half-way down
another length, being met and joined by similar tubes from the joints

above and below, thus they are half the length of the central tubes,

and the studs, h, are very small, but in the very young arm, fig. 19,

the central tubes, j, are shorter than they are wide, and the outer

tubes half their length, yet the cells, h, are as round and plump as

they ever will be, and appear very large, being nearly of their full

size, and the terminal cell, i, looks gigantic, being three times as long
as the cells, j.

Each of the round cells, h, forms a centre for four of the covering-

tubes, k, 1, as shown detached in figs. 20 and 21, and in their places,

18 and 22, two up and two down. Each joint may have either six,

seven, or eight of the studs, A, giving, respectively, twelve, fourteen,

or sixteen tubular cells for the circumference : twelve and fourteen

are the most frequent numbers. On the inner or upper side of the

arms there are more studs at the joints, four elongating into sprouts,

among which the globular blossom, n, and the seed, a, grow.

These covering-tubes fit so closely to each other as to form a sound

case, yet carbonate of lime will occasionally crystallize under them,

showing their connexion with the plant to be at the studs, h, only.

The cells, c, on the primary tubes of the main stem, have the usual

lining, paved with minute, mostly round, green vesicles, darker in

colour, and sd closely placed, that we can scarcely see anything

moving within, and they have a smaller cell, d, under them. The

studs, h
f
on the arms, in these particulars, are like them, but under

them, around the joints, are peculiar clear cells, with no fixed

vesicles : these are filled with round green vesicles, in quick circu-

lation, and from the largest of these cells the blossom and fruit grow.

A number of the peculiar cells also within the large knots, close

under the clusters, g, are filled with circulating globules.

On this part of my subject I have first to notice that the marked

difference of these cells is, that whilst the chief portions of the plant

have a nearly colourless fluid, in which are various sizes and forms of

particles, and a lining, on which elongated, green, fixed vesicles are

disposed as it were in regular spiral order, the fluid following their

course, the peculiar cells appear to have no such fixed vesicles, but

are filled with green globules, of regular size, and in quick circulation.
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Secondly. That all the cells have an extremely thin lining, the

slightest wound of which is death to that cell. This lining is in

most cases regularly paved with vesicles, the colour of which deter-

mines the colour of that portion of the plant. These appear to

regulate the circulation; for when any accident damages or re-

moves them near the boundary between the to-and-fro currents, some

of the fluid will anastomose, i. e., will pass the boundary and

return as shown by the arrows, in fig. 23, instead of continuing

its course to the end and there returning.

The specimen from which this was drawn had been injured ; it be-

came healed within a fortnight, new vesicles grew, and again covered

the place of the wound, the circulation then became regular, none

going over the boundary. The place appeared fresh, the new studs

being paler and rather smaller than the old ones.

Thirdly. That there are two fluids in each cell that do not inter-

mingle. The central fluid is passive, and thinner than the circulating

one, which it supports against the lining, and to which it seems to

adhere and along which it appears to slide, dragging the central fluid

with it. This I believe to be a law of vegetable circulation.

Fourthly. That gravity affects the visible masses of matter in the

central passive fluid, but not in the circulating fluid. In whatever po-

sition the plant may be placed, circulation will go on well. But let

the plant be put horizontally, as in fig. 24, with the side that has large

masses uppermost, these will fall to the lower side and return with

that current; again change the position, they will fall back into the

first current, and be carried along with it. This proves that there is

no partition between the two currents ; accordingly, when a mass

happens to be in the centre, it only revolves without changing its

place, as shown in fig. 25. This fact may be most frequently seen

in Nitella translucens, from its being four times as thick, and always
without the covering of carbonate of lime. At the bottom of the

figure globules have accumulated in sufficient number to obstruct

each other's rising.

FiftJdy. That the cells of the plant are of four kinds, each possess-

ing separate qualities.

1. Those of early maturity.
2. Cells with green vesicles in motion, and no fixed ones.

3. Cells that have a flexible mass sliding round in the circulating

fluid.

4. Cells with no extra feature in the fluid.
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Those arriving at early maturity are the little cells, c, in the pri-

mary tubes, the globular clusters, g, under each knot, the cells, h, on

the arms, and the terminal cells, i.

The covered cells having green vesicles in motion, in the knots

and in the joints of the arms, form the second class.

The third class of cells having a flexible mass or cytoblast sliding

round, are the primary tubes, a, b, b, the central tubes of the arms, j,j,
the nine stalks in the globule, and the fourth cell in the bottom of

the seed. In these the circulation is vigorous.

Those of the fourth class are the secondary tubes, e,/, around the

stem, the tubes, k, I, which cover the arms, the tubes around the seed

and the sprouts amongst which the seed grows, and generally all the

terminal cells. In these the circulation is slower, and often requires

a high power to see it.

The roots have a flexible vesicle, which becomes lodged just under

the surface of the matter deposited in their lower ends. This is shown

at o, figs. 5 and 27.

Whilst writing this, a seedling under the microscope appeared

beautifully transparent, had many distinct forms of different shapes
and sizes in the main stem, but no flexible vesicle gliding along.

Fig. 25* is a section of the main stem,* without its covering-tubes,

to show the spiral indents, p, p, to which the lining adheres : they

mark the boundary between the ascending and descending currents.

Fig. 26. A portion of stem out of which the lining was floated :

it came out in two portions, q, q, being rent at the line of adhesion.

From the Nitella the lining will float out whole, as shown in fig. 26*,

at q, q.

Fig. 27 is an edge-view of a portion of the lining of Nitella trans-

lucens, magnified 700 times. The studs which pave the lining are

oval whilst living, but when taken out they become round, and the

lining shrinks. These studs have other distinct green vesicles within

them, various in number, as at v, v. There was a very singular addi-

tion to this lining, both on the outside and inside, namely, the

clear, thin, globular masses, wy w. They were extraordinary from

* Any ordinary cutting to obtain sections would squeeze the tube flat, and spoil

it and the lining, so I took advantage of the fact, that water, when struck quickly,

resists like a solid, and therefore laid the Chara on smooth wood, just covered with

water, then, with a sharp knife, made suddenly a number of quick cuts across it, and

so obtained the various sections required. Wet a slip of glass and turn the wood

over so as just to touch the water, and the sections will fall from the wood on the

glass, and thus be ready for the microscope.
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there not being sufficient room between the tube and the lining for

them to appear of that shape when in their natural position. They
were clear and spherical as soap-bubbles. To account for them we

may observe that the central passive fluid is soluble in water, the cir-

culating fluid which glides along in close contact with the lining is

not so, and from this appearance it is probable that the outer or third

fluid between the lining and tube is also not soluble, and so comes out

with the lining, and assumes the globular form here shown.

Fig. 27* was traced from a stem so clear as to show the various cir-

culations, as indicated by the arrows ;
the flexible oval vesicle is visible

in all the primary tubes. All these circulations, as well as those in

the arms, are up one side and down the other, and not like those in

the seed, up the outer and down the inner surface.

I have not found any rule to say which shall be the ascending or

descending sides. In some places the contiguous currents go the same

way, in others they are contrary, as will be seen by the arrows. In

this specimen there is the same system in all the secondary tubes,

but in other specimens this differs.

On the fruit-arms four sprouts, m, appear at the joints : the globu-
lar cluster of florets projects below them, as in fig. 18 and figs. 1 and 2,

and the fruit, a, rises up between them, as in figs. 1 and 2.

When two globules and two seeds grow together they are preceded

by six sprouts, m.

The globular blossoms, although small, are rich in variety, and con-

tain the most extraordinary features that have hitherto been observed

as connected with vegetation. In 1833 I first saw them, and a de-

scription of them was published in the ' Transactions of the Society
of Arts

'
for that year, vol. 50. But I have since examined them

with higher powers, and having correctly traced what I saw, I am
enabled now to add many additional facts.

In that description the seed-stalk was stated to consist of four cells,

one above the other : the globule projecting from the first and second,

as in fig. 2. I have now to add that no part of its stalk is uncovered,

a small portion being surrounded by the cells of the plant, and the

remainder inserted into the globule.

Fig. 28 represents a full-grown blossom, n : it appears like a red

ball in a transparent cover ; but it is not so, the colour being in the

cover, and the space within is hollow, filled with transparent objects.

The cover is formed of eight segments, fig. 1, each having its own
stalk radiating from a centre, as in fig. 2. As the globule ripens,

the segments become flat, and separate from each other, in the man-
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ner shown in fig. 1. The stalks will also separate from some of them,

as at pf p, and the whole of these parts will remain alive for two or

three days. This is the only opportunity for seeing their circulations.

Figs. 29 to 34 are as seen with a power of 300, from tracings

carefully made, whilst the portions ofglobule were magnified 880 times,

consequently 29, the main stalk, and 30, an edge-view of one segment
and its stalk, p, are in exact proportion, to each other. The stalks

have linings, paved with minute, elongated vesicles, in the direction

of their circulation, which they appear to regulate, and they very

distinctly show the large, flexible vesicle, q, gliding round in close

contact, like a slug ; for as it always keeps in close contact with the

side, every part changes in succession, to fit the angle at the bottom

of the stalk, and whilst doing this its motion is impeded, so that the

fluid keeps passing it till it has got by, and then both move together,

and in like manner at top its flatter side becomes convex, and

its round back becomes flat whilst passing under the dome.

The only coloured portions of the globule are in the stalks and at

the inner surface of the segments, r, r, on which bright pink balls,

perfectly round, and of extreme minuteness, are deposited. The fluid

in the segments is so perfectly clear that nothing of its motion can

be seen.

The centre of the globule is occupied by a few clear balls, from

which the eight segmental stalks radiate, as in fig. 2, and from which

other clear vessels, s, fig. 31, project, and again from these, smaller

ones, t, t, project, and lastly, from these, the numerous filaments, w, m,

ramify in every direction to fill all the space in the globule. Fig.

34 shows a stalk, p, which had left its segment, but retained some of

the central features, s, and t, t, t: its circulation continued in

full activity.

The ripe globule spontaneously opens, as in fig. 1. The filaments

also expand and separate into clusters : they are so numerous that I

have not been able to decide upon their exact number.

The tube-like filaments, m, are divided into numerous compart-

ments, in which are produced the most extraordinary objects I have

ever observed of vegetable origin. At first they are seen agitated

and moving in their cells, as in fig. 32, where they are coiled up in

their confined spaces, every cell having one. They gradually escape
from their cells, by what means or through what opening I have not

been able to ascertain. The whole field soon appears filled with life :

they are generally spirals of two or three coils, and never become

straight, though their agitated motion alters their shape in some
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degree. They have at their foremost end a filament so fine as only to

be seen by its motion, which is very rapid and vibratory, running

along it in waves.

These objects, although they have every appearance of life, swim

about with no apparent consciousness of each other, or any choice of

direction. Their filament-end goes foremost, when they come into

contact with each other they become entangled, and their motion is

hindered: this does not cause any retreating action or attempt at

separation, except by accident.

They appear to be an example of life without self-will or choice.

Their motions gradually slacken, and in about an hour they become

perfectly still.

If a globule be forcibly opened before it is ripe the filaments will

appear like fig. 33, giving no indication of life.

I have now detailed the chief observations of Chara vulgaris, made

by me with a view of explaining its structure, from the seed up to

the globule, with the circumstances which in due order usually pre-

cede the production of the fruit, but there is great latitude in this

respect, probably from some seeds being fructified by the produce of

other globules.

Recapitulation .

First. It has been shown that there is a regular correspondence
in number between the fruit-arms and the tubes which cover the

stem.

Second. That there is a systematic division of those tubes into

primary and secondary, the joints of each primary tube bearing two

secondary tubes.

Third. That these tubes only lie against the stem, having no

union with it except at the end nearest to it. Yet that their proper

growth depends on their adhering to each other laterally, so as

to^jbrm
a case round the stem.

Fourth. That one class of cells arrives at maturity early, and that

their size remains stationary during all future enlargements of

the plant.

Fifth. That although the ascending tubes have to keep in union

with the descending ones, yet the primaries avoid each other, and al-

ways insert their ends between two of the secondary tubes.

Fig. 16 is covered by the usual number of cells, and the order is so

exact, that by counting the fruit-arms, which are nine, and the num-
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ber of cells in any one pair of the primary tubes, the whole number of

cells in that portion of the plant may be known. In this instance the

stem is covered by 603 cells, most systematically arranged.

Sixth. That there exists a class of cells at the joints, having

equal-sized, green globules circulating in them, instead of their being
attached to the lining.

Seventh. That there are two divisions of the cells. Those having
a flexible vesicle gliding round, and those having none, these latter

having a slower and less visible circulation.

Eighth. That the globule on the main stalk when complete inva-

riably consists of eight segments.

Ninth. That the masses in the central fluid are affected by

gravity, but not those in the circulating one.

Tenth. That the paving of green vesicles arranged in such order

on the lining is apparently the regulator, if not the primary cause, of

the motion of the fluid, as shown by fig. 23.

Eleventh. That all growth is from the upper side of the knots and

not from below, the roots rising from the top and then bending

downwards.

Twelfth. That the internal structure of the globule produces in

great number certain very singular moving bodies.
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XVIII.— On the Structure and Formation of the Nails of the

Fingers and Toes, By G. Rainey, Esq., M.R.C.S., Demon-
strator of Anatomy, St. Thomas's Hospital. Communicated

by John Qdekett, Esq.

(Read April 21, 1847).

The nails being probably too much regarded by physiologists

merely as a modification of cuticle, and as resembling it in all their

essential characters, have not been either very minutely or clearly

described.

Although these organs are so intimately connected with the skin

as very properly to allow of being classed with its appendages, yet

being designed to perform a function peculiar to themselves, and dif-

ferent to any one performed by the cuticle, it must be admitted that

they require an express organization. Also, the vascular surface

upon which the nails are formed, their matrix, must require a dispo-
sition of blood-vessels different from that of the cutis of other parts,

where it is merely covered by the ordinary cuticle.

The object of this paper is to show that the nails consist of at least

two distinct structures : one proper to them, the horny structure, and

the other the cuticular one ; and also that their matrix possesses one

set of vessels expressly for the secretion of the horny part of the nail,

and another set for the formation of the cuticular portion ;
and that

besides these, there are other vessels differing in their characters and

arrangement from the preceding, and probably intended to furnish a

material, intermediate in some of its properties between horn and cu-

ticle, and destined to blend these together, and thus to preserve their

union during the growth and protrusion of the nails. However far

this idea may be correct, the anatomical fact of there being these

three different arrangements of vessels is indisputable, as may be

seen in PI. 22, fig. 1, taken from preparations of the injected matrix

of the nail in the cabinet of the Microscopical Society.

Structure of the Nails.

If a thin, vertical section be made lengthways through a finger-nail

from its posterior to its anterior or free margin, as shown in PI. 22,

fig. 2, the external or dorsal surface of that portion of it which was
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lodged in the groove between the matrix and the semilunar fold of

skin projecting from the dorsum of the finger, is seen covered by a

thin layer of cuticle, which extends backwards as far as its posterior

border, which is generally jagged and uneven, and forwards upon its

dorsum. This portion of cuticle is immediately continuous with that

overhanging the root of the nail, and although it is not inseparably
blended with its horny substance, yet it is sufficiently adherent to be

carried forward with it during its growth, and to remain intimately

attached to its dorsal surface until it is worn off by friction or some

other mechanical cause. The palmar surface, near to its free border,

is also seen covered by cuticle, which in like manner divides into two

parts, the one becoming continuous with the cuticle covering the end

of the finger; the other passing backwards along the palmar surface of

the nail as far as the lunula, where it imperceptibly terminates. This

portion of cuticle gradually diminishes in thickness as it extends

backwards, and is more intimately connected with the horny part

of the nail than was the cuticle on its dorsal surface. Between these

layers of cuticle the proper or horny matter of the nail can be distin-

guished, presenting fine, nearly parallel, and generally semi-elliptical

lines, with their concavity looking in different directions in different

parts of the same section, and also a multitude of darkish-looking

corpuscles, when viewed by transmitted light, of various forms and

sizes. These compose the substance of the horn of the nail, and the

lines are the cut edges of the laminae of which it is made up. The

horny part of the nail does not increase in thickness after it has ex-

tended beyond the lunula, the apparent increase of the nail anterior

to this point being derived from the cuticle formed upon the anterior

part of the matrix.

The Matrix of the Nail.

A mere inspection, even in the living subject, of the parts situated

beneath the nail, is, in consequence of its transparency, sufficient to

give a general idea of the relative vascularity of the various parts of

its matrix. The upper part of the matrix is seen to present a pale,

semilunar space, called the lunula. The greater part of the lunula is

concealed by the semilunar fold of integument which projects over it;

but extending a little below this fold, the lower portion of the lunula

is visible, presenting a curved border, with its convexity looking
downwards. Immediately below the lunula, and circumscribing its

inferior limit, the matrix has a reddish colour, which gradually be-
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comes fainter towards the free margin of the nail, but which deepens

considerably where the nail becomes detached from the integument.
When the matrix is fully injected and the nail removed (see PI.

22, fig. 1), the part corresponding to the lunula presents several

rows of convoluted capillaries : the individual convolutions have diffe-

rent degrees of complexity, from a simple loop a little twisted around

itself, to a complex tuft of vessels. These rows have their direction

from above to below, they are all slightly curved, being concave to-

wards the median line of each nail, and the most external ones are

nearly parallel with its lateral margins ; (see PI. 23, fig. 7). These,

being the vessels which secrete the horny part of the nail, may be

called the horn-vessels. Superiorly these vessels are separated from

the rich plexus on the fold of integument which overhangs the nail,

by a fibrous and almost non-vascular groove, in which the free border

of the nail was lodged, and where the cuticle covering its root termi-

nates. A few vessels, however, pass across this groove from the horn-

vessels to the plexus just mentioned. Inferiorly the horn-vessels

communicate with quite a different arrangement of capillaries, which

run in a more straight course, and are much more crowded together
than the horn-vessels. These vessels run nearly parallel with one

another, in a direction from behind forwards, and being very near to-

gether render this the most vascular part of the matrix, and produce
that redness immediately below the lunula upon which the form and

degree of distinctness of its lower border is dependent. Just below

these vessels the surface of the matrix begins to be raised into nume-
rous plications or folds, passing directly forwards, and increasing in

depth as they approach the free extremity of the nail, where they be-

come continuous with the raised lines observable on the ends of the

fingers. These plicae consist each of a fold of basement membrane,

enclosing a series of loops of vessels. At first these loops are small

and simple, but they become larger and more complex as they ad-

vance towards the end of the finger, where they are continued from

the ridges of the matrix of the nail into those of the skin of the finger,

in which they are generally very complex. When the nails are in

situ, these ridges are received into corresponding grooves in their

inferior surface. Near the part of the matrix where the plicae com-

mence, several distinct circular or oval openings are sometimes seen

passing for some depth beyond the surface, and appearing like follicles

or lacunae ; (see PI. 23, fig. 7). These are frequently closed by the

apposition of the adjacent plicae, and thus their presence is rendered

doubtful, but they can be seen very distinctly either when some of the
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material which they contained has been recently removed, or still re-

mains within them in the form of whitish, globular masses. The situ-

ation of these lacunae, where the openings themselves are not apparent,

can be distinguished by the plexus of capillaries in their vicinity, in

the areolae of which their openings are situated.

The Growth of the Nails.

The growth of the nails is effected exclusively by the continued se-

cretion of horny matter at their roots, the particles of which, while in

the act of being deposited, force forwards all those which had been

deposited previously. Hence the nails grow only in one direction,

namely, from behind forwards. This fact is evident from the well-

known experiment of making two marks with lunar caustic near the

root of a nail, and observing their progress towards its free border,

when they will be seen to preserve always the same distance from one

another, on whatever part of the nail they may be situated. Now
from this fact it is obvious that the proper material of the nail is se-

creted from the vessels situated the most posteriorly of the three sets

just described, that is, from the convoluted capillaries situated be-

neath the lunula, the position of these vessels being such as to render

it impossible that a substance constantly separated from the blood

within them, and deposited on their exterior, can do otherwise than

continually protrude forwards the whole of a nail at the same time.

For the horny matter proceeding, doubtless in a fluid state, from these

convolutions, is, on quitting them, so compressed between the fold of

skin which overhangs the root of the nail, the posterior part of the

matrix itself, and the fibrous groove connecting these, as to be pre-

vented passing in any direction excepting forwards, and even this it

cannot do without displacing the whole of the nail at the same time,

as before shown. Hence in this manner a direction is given to the

nail forwards, and the other convolutions adding at the same instant

the horny matter secreted from them, this part of the nail is com-

pleted, and its thickness determined, which therefore does not increase

afterwards. This part of the nail being now formed, has to pass

over the other portions of the matrix, from which it receives the cuti-

cle requisite to connect its inferior surface with the cuticle at the end

of the finger. In the vertical section of nail represented by PI. 22,

fig. 2, the cuticle on the inferior surface of the nail is seen to extend

no further back than the lunula. Also, in the transverse section

through the nail, a little behind its free edge, represented by PI. 22,
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fig. 3, the lines indicating the cut edges of the horny laminae are

seen terminating at the arches of cuticular cells, upon which they ap-

pear to rest, without being continued into them, whilst in the trans-

verse section through the nail at the lunula, represented in PI. 22,

fig. 4, the lines showing the cut edges of the horny lamina? are seen

to be continued into the small projections which are situated directly

upon and between the convolutions of the horn vessels. Besides the

microscopic examination of these substances, a difference in the pro-

perties of that covering the vessels of the lunula, and the other lying

upon the vessels of the other parts of the matrix, is shown by the fa-

cility with which these admit of being separated one from the other

on removing the nail from its matrix. Sometimes, after such a sepa-

ration, a layer of material remains upon the vessels of the lunula exactly

corresponding to them both in form and extent, those of the other

parts of the matrix being perfectly freed from all secretion, whilst

at other times the material remains, after the detachment of the nail,

upon the latter vessels, those of the lunula being completely denuded.

From all the facts which have been stated, I feel satisfied in my own
mind that the vessels of the lunula are exclusively those which are

employed in the secretion of the horny part of the nail, and that the

vessels in the longitudinal folds of the matrix which are continued in-

to the ridges of the skin, secrete merely cuticle. I have no opinion
to offer respecting the function of the lacuna? and the straighter ves-

sels, namely, those situated between the vessels of the lunula and

those contained in the longitudinal plicae, excepting that vessels in-

termediate in their position, as well as in their anatomical character,

between those secreting the horn and those the cuticle, may possibly

serve to furnish a substance intermediate in its properties between the

horny and cuticular part of the nail, and in this way cause a more

intimate union between these two substances at the instant of their

secretion, and preserve more completely the connexion of the nails

with the cuticle during the progress of their growth and protrusion.

TRANS. MIC. SOC. VOL. II.
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XIX.— Observations on the Shepherd's Purse Coralline oj Ellis,

{Notamia bursaria, Fleming). By George Busk, Esq., F.L.S.

(Read October 27th, 1847).

Several particulars connected with it, conspire to render the

Shepherd's Purse Coralline one of the most interesting subjects of its

class. The elegance of its habit, the peculiar conformation of the po-

lypidom, and the great comparative transparency of its texture, all

invite the attention of the observer. I believe also that the study of

this species will, in particular, serve hereafter to throw considerable

light upon the structure and functions of those mysterious organs, the
" Bird's-head" processes, found upon so many Bryozoa, &c, and with

respect to the true nature of which we are as yet so much in the dark.

Another point of interest also connected with this species consists in

the circumstance that it may in some measure be regarded as a new

subject for investigation, for since its original discovery and descrip-
tion by Ellis, in 1755, it appears almost to have escaped the notice of

naturalists. The description of it given by the Father of Zoophy-

tology is still in reality the only one extant
; all subsequent notices

having evidently been derived either from that source, or from reference

to his figures, and not from actual observation of the creature itself, at

all events, in the living state. Neither am I aware, that, with the ex-

ception of one or two outline figures, by Dr. Clarke, given in the plate

(PI. LI.) of this species in the last edition of Dr. Johnston's valuable

work, there has been any addition to, or at least any improvement

upon, Ellis's original figure. His description, therefore, and re-

presentation, like all those traced by the pen and pencil of that excel-

lent observer, though graphic, and as far as his means of observation

allowed, correct, will, as may naturally be supposed, admit at the

present time of considerable amplification and amendment. The only
sufficient reason that can be assigned for the apparent neglect into

which this Bryozoon has fallen, is its comparative rarity. Whether
this rarity be real or not, I am unable to decide, but I am inclined to
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think that the species will be found not to be so rare as has

been supposed.

In the month of August and September last (1847), at Swanage, in

the Isle of Purbeck, 1 met with no zoophyte so abundant, and so

generally distributed on almost every kind of submarine object
—

Fuci, stones, Crustacea, and shells—as the Notamia bursaria. It ap-

peared to live and flourish in from three to ten fathoms water, off

several miles of the coast, as from Bournemouth to Swanage Bay, but

to the southward of this point, as in Durlstone Bay, where the sea is

rougher and the bottom more rocky, I did not meet with it. It has

also been found, according to Dr. Johnston, on the coast of Devonshire,

off the Isle of Wight, and off Essex ; and I have been favoured with

specimens of it, collected by Mr. Bowerbank, off Weymouth.
It appears, therefore, very strange that a species so abundant as this

has proved to be in one locality, and which occurs at such widely
distant points of the coast, as in Devonshire and Essex, should be

so rare elsewhere, at least in sheltered and shallow bays. I would

remark, however, that on a careful inspection of all the zoophytes col-

lected at various times by dredging, in numerous different and very

distant parts of the coasts of England and Wales, by Mr. Bowerbank,
I did not observe among them any instauce of the Notamia bursaria,

excepting among those species collected by him last autumn at

Weymouth. I am not aware that any foreign habitat has as yet been

assigned for it. The conditions under which it occurs, present there-

fore an interesting subject for inquiry.*

The earliest notice, as I have before remarked, that we have of this

Bryozoon, is in Ellis's Corallines, p. 41, PI. 22, No. 8, and accompany-

ing this notice is a figure designed with considerable elegance, and

very correct, as far as the means of observation at that time al-

lowed. Ellis's description runs thus :
—" This most beautiful Pearl-

coloured Coralline adheres by small tubes to fucuses, from whence it

changes into flat cells ; each single cell like the bracket of a shelf,

broad at top, and narrow at bottom : these are placed back to back in

pairs, one above another, on an extremely slender tube, that seems

to run through the middle of the branches of the whole Coralline.

The cells are open at top. Some of them have black spots in them,

* In the course of the present autumn I have met with the Notamia bursaria in

great abundance off the East end of tbe Isle of Wight. It has also, I believe, been

found at Southend and Ramsgate.

l2
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and from the top of many of them, a figure seems to issue out like a

short tobacco-pipe ; the small end of which seems to be inserted in the

tube that passes through the middle of the whole. The cells in pairs

are thought by some to have the appearance of the small pods of the

Shepherd's Purse, by others, the shape of the seed-vessel of the herb

Veronica or Speedwell."
The species, after several changes of appellation, received its pre-

sent systematic name from Dr. Fleming. Whether this name should

be retained or not, need not here be discussed, but it may be observed

that as far as its derivation is concerned, we shall find that it

is inapplicable, and that the appellation of Epistomia suggested by
the same learned naturalist is equally inappropriate.

The polypidom of this Bryozoon, like those of most of its conge-

ners, may be said to consist of a radical portion by which it is affixed

to the objects upon which it grows, and of a celliferous portion,

or branches upon which the polypes themselves are lodged. The

radical portion in the present species consists of a central discoid

body of a nearly circular form, and of branches radiating from the pe-

riphery of the disk, which thence exhibits something of the aspect of

the body of an Ophiura. The radical tubes or branches, springing

from the margin of the disk, are usually five or six in number,

and they are given off at pretty regular distances apart ; but besides

these radical tubes, one or more celliferous branches are not un-

frequently seen to arise immediately from the upper surface of the

discoid portion.

The central disk, and the radical tubes arising from it, exhibit

a similar structure, and are formed of a thick, firm, apparently horny

envelope, containing a coarse granular matter of a yellowish white

colour, and which in some portions of the tubes assumes the form of

distinct irregularly globular masses of nearly uniform size. The

central disk is subdivided into distinct compartments by septa of

considerable thickness, and each radiating branch arises from one of

these distinct compartments, so that there appears to be no communi-

cation between one radical branch and another. The radical branches

give off, at irregular distances, secondary branches, which ultimately

become celliferous. Each of these secondary branches, however,
arises from a distinct compartment, as it were, of the tube from which

it springs. This compartment is formed, like those of the central

disk, by a thick septum, which shuts off the origin of the secondary
branch from the main cavity of the primary one. The secondary
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branches may usually be observed in all stages of development. Be-

sides the dissepiments at the origin of each lateral branch of the ra-

dical tubes, the latter, especially towards their extremity, present

transverse septa, and thus exhibit, in their mode of growth, a close

resemblance to many Confervas.

It will be difficult to make the more complicated conformation of

the celliferous portion clear without reference to the figures.

The celliferous branches which constitute the principal part of the

whole polypidom, arise, as has been said, either immediately from the

discoid central body of the root, or from the radiating radical tubes or

their lateral branches. They vary infinitely in number in different

individuals, and differ also extremely in length,
—some being nearly an

inch long, but in the majority of individuals they are about half an

inch in length when laid straight. When the zoophyte is living or

recent, and unaltered by the fluid in which it may have been placed,

the celliferous branches are always much curled, reminding one in

their habit, thence derived, of the vernation of the fronds of many
ferns, and the whole zoophyte from this acquires a peculiar and very

elegant aspect. The branches divide dichotomously at tolerably re-

gular intervals. They support the bracket-like polypiferous cells,

which are placed in pairs, and with extreme regularity. It is to be

observed, however, that at the bottom of every branch or at each bi-

furcation, the lowermost cell is single, or has none opposed to it on

the other side of the rachis. This is uniformly the case. Above al-

most every pair of polypiferous cells, is to be noticed a pair of smaller

cells, not unaptly compared by Ellis to the bowls of tobacco-pipes,

with short stems. The larger or polypiferous cells will, in what fol-

lows, be termed "
cells," and the smaller tobacco-pipe shaped organs

will be termed "
cups." It may then be stated that usually there is

a cup above each cell, and this arrangement obtains throughout the

polypidom, excepting immediately below each fork, where the cup is

invariably absent above one of the cells of the pair from between

which the fork springs. (See fig. passim).

This is the general arrangement of the cells and cups. It will be

less easy to make clear the mode in which the cells and cups are

mutually connected, and to render the description of this intelligible,

it is necessary to consider each branch as presenting an anterior and

a posterior aspect. The former of which is exhibited in fig. 2, a,

and the latter in fig. 2, b.

The celliferous branches originate usually in a short trunk, similar

in structure to the radical disk and its branches, and sometimes
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at the extremity of the radiating tubes or their lateral branches. In

either case, the formation of the polypiferous cells commences in

the same way ; the radical tube, forming the initial trunk of the cel-

liferous branch, becomes dilated laterally to about twice its diameter,

the dilated portion being separated from the rest by a transverse par-

tition,
— it being in fact one of the terminal joints or cells of the radi-

cal tube, such as 1 have mentioned above, expanded, (fig. 3).

The walls of this dilated portion are thinner than the rest of the tube,

as if the expansion were eccentric, and its cavity is divided into two

by a longitudinal septum. In this way, what may be termed two

initial cells are constituted, from which in continuous succession the

whole of the rest of the branch appears to be formed. We now come
to a more complicated part of the subject. It will be observed

in fig. 3 that the whole branch appears to originate in two cells,

marked c, c", and farther, that the branch divides dichotomously
at tolerably regular intervals, so that the number of secondary
branches rapidly multiplies; but if the two primary cells c, c", and

those derived from them in continuous succession, were coloured red

and blue respectively, it would be found that notwithstanding this

multiplicity, the two original colours would be continued uninter-

ruptedly to the extremities of two among the numerous branches
;
or

in other words, it may be said that each primary cell is the origin of

a distinct series of polypiferous cells and cups, that each of these

series continues single to the last, and that each of them constitutes

one half of the cells and cups on the branches upon which it occurs.

Tt is clear, then, that at each bifurcation two fresh elements or series

of cells are introduced, and it would be found, upon colouring each of

these new series continuously throughout, that they also constitute

continuous distinct elements of the polypidom, from their origin to

the termination of two branches. It is to be borne in mind,

however, that any two series or colours are never united in the same

internode after the bifurcation of the one in which they first make

their appearance.
It may then be said that the celliferous branch is compounded of

numerous distinct series of cells, each forming a continuous chain from

its origin to its termination at the ultimate extremity of the branch

itself, and that at each bifurcation the due number of fresh series to

complete the tale— viz. two— are introduced.

It remains to point out the mode in which these series of polypi-

ferous cells originate, and are afterwards continued. The two

primary series, or those marked d and d", arise, apparently imme-
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diately, from the two initial cells before described, in two cells

usually smaller than the other polypiferous cells, and of a different

form, and I have not yet been successful in seeing polypes in them.

One of this primary pair, moreover, differs from every other cell in the

branch, in its supporting a cup, and it is at this point that we first

notice the appearance of the latter very curious organ. There is no

communication, however, between the cup and the cell. The first

two polypiferous cells being formed in this way, the series of which

each of them is the commencement is thus continued. The primary

cell which bears the cup is continuous by a contracted portion with

the cell immediately above it (see fig. 3, d), which gives off from

its superior and internal or axial angle a narrow tubular prolonga-

tion, which above the next pair of cells expands into the cell on the

opposite side of the axis, and which constitutes one of the pair

of cells next but one above ; unless, as is frequently the case, the

branch bifurcates immediately above the second pair of cells, in

which case, the tubular prolongation of the cell is continued into the

inferior or single cell at the base of one of the branches of the fork.

The other primary cell, or that which forms the pair with the cup-

bearing cell, sends up a prolongation from its superior and internal

angle, which above the level of the first regular pair of cells expands
into the alternate cell on the same side as itself, or one of those con-

stituting the second pair of cells. The continuation of the series

along the branch takes place in the same way, by each cell giving off

a tubular prolongation from its superior and internal angle, which,

after the first bifurcation, is always placed on the anterior aspect of

the branch, and gives off or expands into a polypiferous cell at each

alternate pair, and always at the same side of the axis in the same

internode, and alternately on the other side in each fresh internode

into which the series enters. We have thus from the primary pair of

cells traced the origin of two series, each of which constitutes half of

the two first branches into which the polypidom divides, and to each

of which series one of the first pair of regular cells belongs, and one of

the second pair, if there be two pairs before the first bifurcation. Sup-

posing this to be the case, as in fig. 6, it will be seen that the pri-

mary cells are marked a and a", the second pair of cells or the first

regular pair b and b", and the third pair c and c". Now, of these

four regular cells, two only are derived from the primary pair, viz. b

from a, and c" from a". It remains to account for the origin of b" and

c. This will be seen, looking at fig. 6, to take place thus :
—Above

and behind the primary cell (a") is placed a cup, which forms, as it
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were, the fellow of the cup placed upon the primary cell (a). This

cup, marked (d) in the figure, arises in a dilated ampulla, like those in

the branches (to which I shall allude afterwards), on the same side of

the axis as the cell a". This ampulla or dilated portion, which must

be considered in the light of a distinct cell or compartment of

the axis, analogous to the other compartments in the radical disk and

tubes before described, gives off laterally the stem of the cup, and is

continued upwards iuto the cell b", which, from its superior and in-

ternal angle, gives off a tubular prolongation, which passes on the

posterior aspect of the branch till it reaches nearly the level of

the upper border of the next pair of cells, where it expands either

iuto two branches supporting cups, or into one such branch, and a

wider one which expands into the lowermost or solitary cell of the

other branch of the first fork, or the branch which forms the fellow to

the one, the lowest cell of which was derived from the primary cell

b, as before described. The remaining cell (c) also arises in a distinct

compartment, like the former, and in this case, the arrangement,

though apparently different, is actually the same. The new element

of the polypidom, from whence the cell (c) is derived, originates in a

narrow tube, also seen on the posterior aspect of the branch on the op-

posite side of the axis to the ampulla of the first cup, from which it

is separated by a partition, and ascending on the posterior aspect and

between the first regular pair of cells b and b", when it reaches their

upper border, it divides into or gives off two lateral branches (sup-

porting the cups e, e) and is continued upwards into the cell (c), from

the upper and internal border of which a tubular prolongation arises,

which follows the same course as the similar processes from the other

cells. 1 have been thus prolix in describing the mode of origin and

continuation of the cells, as 1 think the structure I am describing so

imperfectly is extremely curious and deserving of close investigation.

But the arrangement will be better understood by the inspection of

the figures or of specimens than from any verbal description.

It may be sufficient to say, that corresponding to each fork, two

fresh series of polypi ferous cells are, as it were, intercalated into the

polypidom, in a manner precisely similar to the two last described.

I would also particularly draw attention to one point, which may

perhaps, hereafter, serve to throw considerable light upon the real

nature of the cups, and consequently upon the true nature and rela-

tions of the analogous organs in the other Bryozoa. It will be

observed that each separate series of cells is connected at its origin

with one or more cups, according to the number of pairs of cells on
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the internode in which the series commences. The series, for

instance, which begins with the single cup, as at fig. 5, «, presents its

second cup at the first bifurcation and on the opposite side, so that

the pair of cups exists, but they are not opposite each other, and as

the series presents but one cell before the branch bifurcates, no other

cup is formed in that series. For it is also to be remarked, that the

tubular prolongation from the cells of each newly intercalated series,

as long as the internode in which the series commences is continued

without bifurcation, ascends on the posterior aspect of the branch, and

gives off cups at each pair of cells immediately above that, of which

the cell whence the tubular prolongation arises constitutes one
; but

that at the bifurcation, each series sends up its tubular prolongation
on the anterior aspect of the branch, and never again affords origin to

a cup. So that each series is connected with cups only at or near

its origin, and is quite distinct, morphologically, from all the cups
above the first bifurcation into which it enters. Thus, therefore,

it may be said, that each series of polypiferous cells constitutes

an individual or distinct organism, composed of a variable number of

cells, and having near its inferior extremity or towards its origin, one,

two, or three cups, which are either opposite each other in pairs, or

not. I will not here enter into any long disquisition, as to the light

which this cui'ious relation between the cells and cups may throw

upon their nature respectively, as in the present stage of inquiry, any

speculation would, at least, as far as T can perceive, be premature and

unsatisfactory. But the fact is curious, and taken in connexion with

it I will remark, that although the polypiferous cells at the bottom of

the branches, or at the bottom of each series, as it may be expressed,
are always empty, and having performed their functions have become

apparently useless
; yet the cups belonging to the same series, and

which consequently are placed below all these effete cells, retain

their vital activity, and exhibit the same motions as those higher up
the branch, and seemingly in more immediate connexion with active

polypiferous cells. It would almost appear as if the polypiferous

cells were to be regarded in the same light as the joints of a

tape-worm, which as they maturate their ova are thrown off, and are

replaced by a continued succession from above, as long as the head or

nutrient organ of the aggregate animal retains its connexion with the

source of nutrition. In the same way the polypiferous cells, as they
are most probably the organs in which the ova are formed, appear af-

ter a time to discharge their contents, consisting not only of ova, but

also of the polype itself, whose special function seems to have been
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to provide for the formation of the ova, and of them alone
;
in which

case is it not allowable to suppose that the nutrition of the whole

aggregate animal, that is of each distinct series, is in some way
connected with the more persistent nature of the cups?

This must, however, be left undecided, and I will proceed to

describe more minutely the structure of the cups and cells and their

contents. First, of the cups, which constitute the great peculiarity of

this species, and which, as Dr. Johnston suggests, are clearly the

analogues of the "
bird's-head processes

"
in other Bryozoa, and with

which, in fact, they exactly correspond in structure. The rudi-

mentary cups (as they may be termed) in Laomedea obliqua, can

hardly be deemed in any way analogous to the curious organs
in question ; at all events, they present nothing of the same structure,

as might be supposed upon considering the absolute distinction of the

classes of animals to which the Campanulariada and Bryozoa re-

spectively belong. In form, as stated by Ellis, they resemble the

bowl of a tobacco-pipe placed upon a short stem. The walls of the

cup are tolerably thick, but brittle and opaque, from the abundance

of calcareous matter contained in them, and which is present in

greater quantity in them than in any other part of the polypidom.
The mouth of the cup, which is directed upwards, has a sinuated

margin, rising anteriorly into a sharp, curved beak, like that of the

cuttle-fish, or hawk-billed turtle : when the earthy matter is dis-

solved away by acid, this beak is found to be formed principally of a

horny substance, and it will be seen to be supported and rendered

more firm by the anterior wall of the cup, from which it rises, being

strengthened by the same material. The posterior edge of the cup is

even and semicircular, and about midway between the front and back

of the cup, the lateral margins rise up on each side into a small eleva-

tion, for the articulation of a movable beak or mandible. This beak,

when viewed laterally, appears curved and sharp pointed, and when

viewed enface, presents the form of an equilateral triangle, (fig. 4, d).

It is formed of a firm, horny framework, the interior space of which is

filled up with a membrane, in the centre of which, or rather nearer

the apex of the triangle than its base, may be observed a small trans-

parent spot, indicating the point of attachment of the tendon of the

muscles by which the mandible is depressed or closed. The base of

the triangle reaches across from one side of the cup to the other, and

the mandible is articulated to the sides of the cup by the two angles

of the base. A flexible membrane connects the base of the mandible

to the posterior lip of the cup, and thus completely closes the orifice
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when the mandible is depressed. The articulation, in fact, between

the mandible and cup, bears a close resemblance to the joints of the

Articulata in general. When partially closed, the point of the man-

dible comes close to the beak of the cup, but when completely de-

pressed it lies within the latter, like the lower mandible of a parrot

within the upper. The two beaks then would appear to constitute an

admirable instrument of prehension. In the interior of the cup are

contained two pairs of muscles, and a peculiar body of unknown

nature. Of the muscles, one pair, and that much the larger, is for the

purpose of depressing, and the other pair, for the purpose of elevat-

ing the mandible. The former, or occlusor muscles, form on each

side of the cup a fan-shaped expansion ;
the broad part of the fan

extending across the bottom of the cup, from before to behind. The

muscles are composed of strong fibres, which are marked with

distinct and regular transverse striae, in all respects like those which

characterize the voluntary muscles in the higher classes of animals.

These fibres appear to form small bundles or fasciculi, each of which

terminates abruptly in a narrow tendon, the union of all which ten-

dons goes to constitute the common tendon of each muscle, and the

conjoined tendons of the two ultimately constitute the tendon which

is inserted into the mandible at the point above indicated : the func-

tion of this pair of muscles is evidently to close the mandible, slowly

and with force. The other pair, or the elevator muscles, are placed
in the back of the cup, from the posterior wall of which they arise and

are inserted into the base of the mandible. Their position and size

would indicate that their function is to open the cup by elevating the

mandible, and that this motion is effected with rapidity, and without

much power. This difference in the respective actions of the two

pairs of muscles is shown very clearly in the motions of the mandible

during life : it opens suddenly with a sort of snap, and is closed

slowly. The bottom of the cup is entire.

The polype-cells are several times larger than the cups, and their

walls are much thinner, in fact, sufficiently transparent to allow of

the contents of the cell being pretty well seen without any prepara-

tion, even during the life of the animal. In shape they are inversely

conical, and the outer and upper angle is usually produced into a

prominent, sharp point. From the internal and upper angle arises the

tubular prolongation going to form the next cell or cup, as the case

may be, in succession. They are entirely closed at the top, contrary

to what is stated in all previous notices, and, as has been shown, there
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is no connexion whatever between the cell and the cup placed im-

mediately above and behind it. The aperture of the cell is on the

anterior face, and towards the upper margin ; it is of a crescentic

form, and placed obliquely as it were across the upper or internal

angle of the cell, with the convexity of the curve directed upwards
and inwards. The lips of the aperture are strengthened by thin bands

of horny material, and under favourable circumstances, indications of

short, muscular fibres, for the purpose of opening or closing the aper-

ture, may be observed. This aperture, therefore, bears a strong re-

semblance to that of the cells in Gemellaria loricidata, figured by Dr.

Van Beneden, and of many other Bryozoa belonging to the same

sub-division.

The cell which I believe to be entire at the bottom, though closed

only by a very delicate membrane, contains an ascidioid polype, any
detailed description of which I am unable to give, and which wpuld

perhaps be superfluous, as the animal did not appear to present any

peculiarity in which it differed from the typical form of that class of

polypes, now so well known to us from the labours of Milne Edwards,

Lister, Farre and Van Beneden. It has ten tentacula and no gizzard.

Two sets of muscular fibres, at least, may be distinguished as apper-

taining to the polype. The most important of these are the retractor

muscles, which, arising from the bottom of the cell, in the form

of long, somewhat flattened, transversely striped, isolated fibres, about

the -ny.Trijsth of an inch in width, are inserted some of them at the

base of the tentacles, and others lower down the body of the polype.

Other muscles, which may perhaps, as suggested by Dr. Farre, be

considered as the extensors, exist, in shorter transverse fibres, which,

arising from the sides of the cup, are probably inserted into the sac in

which the polype is contained. These fibres exhibit very distinctly

a nucleus, nearly in the middle of their length, and the portion of the

fibre between this nucleus and the wall of the cell is wider than the

other portion, and in that wider portion only, and there rarely, have I

been able to see transverse striae.

With respect to the mode of development and the generation of

this Bryozoon, I have little to offer, want of time not having allowed

me to observe these points sufficiently in the living animal. But

with respect to the mode of development of the cells and tubes at the

extremities of the growing branches of the polypidom, it may be

stated that the posterior and anterior connecting tubes of the cells

and the two lateral cups, constitute, at the end of each branch, four
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distinct buds, containing a fine granular matter, and appearing to be

gradually developed into their respective complete forms, in the mode
common to all hitherto observed Bryozoa, and so well depicted and

described by Dr. Van Beneden in the instance of the Laguncula and

others.
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XX.—Addendum to the Paper On the Application of Polarized

Light in Microscopic Investigations.'' By M. S. Legg, Esq.

(Read December 22, 1847).

In the last part of the Society's Transactions, at p. 84, is given a

description ofthe Nicol's prism, in which it is implied that the complete

separation of the two images is effected by means of glass employed
in its construction, and as this (as well as the explanation of the fig.

3, PI. 12) would convey an erroneous impression, I am desirous of

adding a more ample description, and at the same time of acknow-

ledging my obligations to the late Mr. Sanderson, of Edinburgh, for

information, and to Mr. Darker, of Lambeth, for his kindness in point-

ing out to me the details in the construction of the prism.
* This instrument is described by the inventor in Jameson's Edin.

Phil. Journal (vol. vi. p. 83), and consists of a rhomb of Iceland spar,

in the proportion of 1*4 inch in length, and about '48 inch in breadth

and thickness, divided into two equal portions (see fig. 3, PI. 12) in a

plane passing through the acute lateral angles, and nearly touching

the obtuse solid angles. The sectional plane of each of these halves

must be carefully polished, and the portions cemented firmly with

Canada balsam, so as to form a rhomb similar to what it was before

its division : by this arrangement the ordinary and extraordinary rays

are so separated that only one of them is transmitted ; the cause of

this great divergence of the rays is considered to be owing to the ac-

tion of the Canada balsam, the refractive index of which (T549) is

that between the ordinary (1*6543) and the extraordinary (1'4833)

refraction of calcareous spar, and which will change the direction of

both rays in an opposite manner before they enter the posterior half

of the combination."

In finishing these prisms, it is usual to cement a piece of thin glass

to that face of the prism which is most frequently exposed to dust, to

protect the spar from scratches ; but some double-image prisms, par-

ticularly those of moderately dividing power (called Biot's rhombs),

are composed of one half glass and the other half spar.
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XXI. — Observations on the Anguinaria spatulata.

By George Busk, Esq., F.L.S., &c.

(Read January 26, 1848).

The very remarkable Bryozoon, known under the name of Anguina-
ria spatulata, or the " Snake coralline

"
of Ellis, is stated by Dr.

Johnston to be " not common." I was, therefore, in respect of it, as

of the Notamia bursaria, fortunate in meeting with this species in

very great abundance and perfection, and in the same locality as the

former. It is parasitical upon Fuci, and appears to flourish in from

three- to ten-fathom water, and is not unfrequently associated with

other polypes on the same plant. An instance of this kind is shown

in fig. 1, PI. 26. It is here associated with Campanularia Integra,

and in other specimens I have seen it growing together with Lao-

medea obliqua and other Sertularians. Its character, as given in Dr.

Johnston's work, is as follows :
—

"
Polype cells spathulate, erect, scattered, with a lateral aperture

near the apex ; originating from a creeping fistular subcalcareous fibre,

adnate to a foreign base.—Polypes ascidian." This character, I

think it will be seen, is incorrect in several particulars, which it is

partly the object of this paper to point out.

The Bryozoon, as a whole, consists like all its congeners of two

distinct portions, one, usually termed the radical, and another,

which constitutes the proper polype cells. In the present instance,

the arrangement of these parts is in some respects very peculiar and

curious, but it will be found upon strict examination to accord accu-

rately with the universal type. The origin, or base, as it may
be termed, of the zoophyte is a more or less rounded disk of small

size, probably divided into compartments as in the Notamia, from

each of which arises a primary radical branch, in this species very
short ; these primary radical branches or tubes are directly continued

into a polype cell, but the cavities of the tube and cell are not con-

tinuous, being separated by a distinct dissepiment (fig. 7), so that the
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coarsely granular contents of the radical tube have no communication

with the polype cell. The polype cell is at first continued in a line

with the radical tube from which it originates, but soon turns up at a

right angle and stands erect upon the object on which the Bryozoon

is growing. After ascending in a nearly straight line for a certain

distance it curves with a gentle sweep, and terminates in a slightly

expanded extremity, at the apex of which, and not at the side, is the

opening through which the polype protrudes. The continuation

of the radical portion of the zoophyte, or of that creeping fibre, as it

appears, which is adnate to the foreign base, is effected by the forma-

tion, at the angle where the polype cell turns up, of a bud containing

granular matter, which becomes a narrow tube, in all respects similar

to the primary radical tube, and which, like it, after running a short

distance, terminates in a second polype cell resembling the first, and

so on continuously, to an uncertain number. The growth of the polype

cell appears to precede in some degree that of the radical tube continu-

ous from it, but it is not necessary that the growth of the former should

be completed before the latter makes its appearance. The develop-

ment of these two parts seems to be carried on in the usual way; viz.,

first, in the appearance of a rounded bud filled with granular matter,

which gradually increases in length, and the contents of which are

finally moulded or resolved into the proper contents of the cell, of

which the bud constitutes the origin. In some cases more than one

bud of a radical tube arises at the angle of the polype cell, and in

this way arise the apparent branches of the creeping stem. The walls

of the radical tubes and of the polype cells consist of a thin transparent

horny material, which is insoluble in weak acids, and strengthened or

rendered rigid, except in one part, by the deposit of calcareous matter.

In the radical tubes, and on the dorsal or upper surface of the di-

lated extremity of the polype cell (fig. 4), this earthy matter is depo-

sited in the form of minute angular or rounded particles, presenting

faint traces of a linear arrangement, but in the main body of the po-

lype cell, or the upright portion, the calcareous material is arranged

in beautifully regular rings, giving that part of the zoophyte a pecu-

liarly elegant appearance under the microscope. This calcareous in-

gredient is sufficiently abundant to render the contents of the radical

tubes and polype cells indistinct, and to obtain a satisfactory view of

these parts it is necessary to remove the earthy matter by some weak

acid. When this is done it will be found that the contents of the ra-

dical portion are, as before mentioned, coarsely granular, and the wall

rather thicker than those of the proper polype cell. The latter con-
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tains an ascidian polype, which has about twelve tentacula and

no gizzard. The polype, so far as I have observed, is always lodged
in the upright portion of the cell, but the long retractor muscular

fibres arise near the commencement of the horizontal portion of the

cell, and from its upper wall, nearly at one point. They consequently
turn abruptly round the angle formed by the rising up of the cell, and

passing chiefly on the side (the anterior) of the body of the polype,

are inserted, some towards its inferior part, and some apparently near

the base of the tentacula, as in other polypes of this class (fig. 7).

The muscular fibres consequently are of great proportionate length ;

they are distinctly marked with transverse striae, and appear to me to

be constituted of a delicate diaphanous tube, or sarcolemma, contain-

ing the more solid, contractile, sarcous particles. I am led to this

conclusion, from observing here and there in some of the fibres,

spaces in which the fibre is very transparent and unmarked with striae,

as if a tube were stretched and two portions of its contents drawn

apart within it (fig. 8). The tentacula are from ten to twelve in

number
; they are very long, and have a series of spinous projections,

as remarked, I believe, by Mr. Lister, on their outer side. The re-

semblance of the terminal expanded part of the polype cell to the

head of a snake is very striking, and in fact, of the whole cell to the

body of a serpent, and thence has arisen its very appropriate generic

name. It would appear, from the descriptions heretofore given of this

zoophyte, that the form and situation of the aperture have not been

rightly apprehended ; and as in the systematic arrangement of this

class, these particulars will be found of the first importance, it is to

this part I would direct attention. The aperture is terminal, and in

form crescentic (fig 2), the lower lip being formed of, or strength-

ened by a cartilaginous or horny half-ring, very nearly resembling a

horseshoe in form, and which constitutes the movable part of the

rim of the orifice, and to which are attached two pairs of mus-

cles, one for the closure, and the other for the opening of the aper-

ture. I should have stated, in speaking of the structure of the

walls of the polype cell, that the upper or dorsal portions only

of the expanded extremity were strengthened by calcareous matter,

the lower side being filled up by a thin flexible membrane, attached

in front to the cartilage of the lower lip of the aperture, and which

by its flexibility, allows the latter to be moved with ease. This mem-
branous expansion may be likened to the bag of the pelican's beak,

and like it, seems sometimes to be used as a receptacle for food, at all

events, it will occasionally be found to contain numbers of Naviculce

TRANS. MIC. SOC. VOL. II. M
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and other Infusoria. The muscles which move the horseshoe-shaped

cartilage constitute two pairs, one superior, the occlusors, which are at-

tached by a slender tendon to the upper angle of the expanded base

of the horns of the crescentic cartilage, and the other, the inferior or

dilators, which are inserted beneath the inferior angle of the same

base. These muscles, like the retractors of the polype, are marked

with transverse striae. The expanded portion of the cell, besides these

special muscles of the aperture, contains other muscular fibres, in all

respects resembling those described by Dr. Farre, as conducing to the

extrusion of the polype in Bowerbankia, and which are also very dis-

tinct in the Notamia, but which in the present instance would seem

to have for their chief function, the drawing up or corrugation of the

membranous portion of the polype cell. These muscular fibres have

a distinct central nucleus or thicker portion, as is the case in the

analogous muscles in the other cases just cited. It will thus be seen

that, in the important particular of the aperture, the received state-

ment that it is
"
inferior subterminal, oval, and with plain margins,"

is in every particular incorrect. It is on the contrary terminal, cres-

centic, and one half of its margin constituted of a movable horny lip,

the other half formed by the calcareous wall of the polype cell, resem-

bling in fact, the aperture in Gemellaria, Notamia, and others, in

which part of the wall of the cell near the aperture is filled up by a

flexible membrane, attached probably in all cases, though this has not

yet been shown, to a movable horny lip with appropriate muscles.

This Bryozoon, therefore, together with, at all events, Gemellaria lo-

ricata and Notamia bursaria, must be removed from the family

Eucratiadce of Dr. Johnston, or the characters of that family must be

modified, as respects the situation and construction of the aperture of

the cell.

I would direct attention to an appearance not unfrequent in the

polype cells, as if they had been repaired after being broken. This

appearance is seen in figs. 5 and 6.
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XXII.— On an Improvement in the Stage of the Microscope.

By M. S. Legg, Esq.

(Read Jan. 26, 1848).

It may be in the recollection of many members of the Society,
that last year our attention was directed to a useful mode of mani-

pulation, in a paper by John Anthony, Esq.,
" On certain appear-

ances observable in Navicula, from the Humber, by means of Oblique
Transmitted Light,"* by which certain markings existing in various

objects may be more readily observed: this communication has

doubtless had the effect of recalling the attention of microscop-
ists to a most eligible means of detecting lined structures. The im-

portance of employing oblique illumination, and the consequent

necessity of readily turning the object so as to place it at right angles
to its former position, and present it in an opposite direction to

the light, is sufficiently obvious, as, I trust, to justify the introduc-

tion of an improvement in the stage of the microscope by which

these desiderata may be accomplished.
In the present arrangement of stages to microscopes as far as

I have as yet observed, the revolving-plate, when present, is placed
above the vertical and horizontal movements, the consequence is that

unless the stage-actions be brought to certain fixed points (in which

case the object must be adjusted to the field of the microscope by
the hand) the object is sure to be lost to the field of view directly

the revolving-plate is turned upon its axis, and if the adjustment be at

all out of place, the object will be found to describe an orbit round

the centre of the revolving-plate, which will increase in proportion to

the eccentricity of the adjustment.
The above difficulties occurred to me, on a recent occasion in ex-

amining with a friend a specimen of Navicula, sent from America by
Professor Bailey, under a high power, and although the object, when
turned one quarter of a circle, was readjusted under a lower power,
it was with difficulty found again.

* In Annual Report, 1847, p. 17.

M 2
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Under these circumstances, it appeared to me that these difficulties

might be overcome by a different arrangement of the parts of the stage,

without at the same time detracting in any great degree from the con-

veniences and appliances existing in the stages at present employed ;

this I propose to effect by changing the position of the revolving-

plate, and placing it below instead of above the actions of the stage ;

by adopting this principle it is evident that if the centre of the

revoloing-plate be a fixed point coinciding exactly with the axis of
the microscope, the object under examination must remain in the field

of view during an entire revolution, however eccentric the adjustments

may be : in confirmation of this principle I was induced to construct

the rough model which you see on the table, and my views have since

been admirably carried out by Messrs. Smith and Beck, in adapting
a new stage to my instrument.

The principal feature then, in this improvement, consists in fitting

the revolving apparatus immediately upon the foundation-plate of the

stage by means of a strong dovetailed or conical ring, working firmly
but freely in the foundation-plate ; when in use it may be turned by
hand, or if great nicety be required, an endless screw may be fitted,

acting upon the ring, and connected with a milled head placed at the

side of the stage ; upon this ring is fixed a plate upon which the stage-

actions are adapted ;
the adjustments are effected by two milled

heads on each side of the stage : the lateral motion consists of a

screw working in a collar connected with the sliding-plate, and the

vertical action is effected by means of a pinion fixed in the sliding-

plate and acting upon a rack on the under side of the top or object-

plate ; the whole is so constructed that it will traverse the entire

circle, and pass under the arm of the microscope without impedi-
ment. It may be objected as unnecessary that the stage and its ap-

purtenances should revolve entirely round the circle, and perhaps a

partial revolution would be sufficient for many objects, in which case

a larger and more commodious stage may be constructed, but my
principal object in proposing an entire revolution is to prove the effi-

cacy of the principle, as well as to adapt it in many cases where it

may be found advantageous, as, for example, in the examination

of opaque objects illuminated by a side light, when it is desirable to

cast a shadow in an opposite direction, which may be done by turning
the stage and object round instead of changing the light : it will also

be useful in examining certain objects in polarized light, when it

is wished to place either the neutral or positive axis of a crystal

to coincide with the plane of vibration.
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These arrangements afford the usual large aperture for throwing a

light from the mirror upon a Lieberkuhn, and do not in any way in-

terfere with the ordinary diaphragm or the adaptation of the achro-

matic condenser.

In applying this principle to the stages of microscopes much will

depend on the taste of the microscopist,.and the ingenuity of the

workman, but the chief points to be attended to are, the making the

centre of the revolving-plate to coincide with the axis of the instru-

ment, and placing the adjustments above the revolving-plate.

It will be found by experiment that an object placed in the centre

of the field under one object-glass will not be exactly so when another

is employed ; this arises from the well-known difficulty of accurately

centreing the object-glasses, and consequently the almost impossi-

bility of making the optical and mechanical centres exactly the same.

I may state, however, that the old stage of my microscope has been

altered in accordance with the principle above laid down, and I find

that under a power of 500 diameters an object is retained in the field,

though not in the centre, during the three-fourths of a revolution to

which the stage is limited (an approximation to mechanical truth suf-

ciently close) that the slightest touch of the adjustments will bring the

object again to the centre.
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EXPLANATION OF PLATE XXVII.

Fig. I. Represents the foundation-plate with the dovetailed or conical ring, it is

drawn in perspective to show how much the ring is raised that the adjust-

ing parts (or milled heads) may pass clearly when the stage is revolved.

Fig. 2. The revolving-plate (which is fitted to the ring) upon which the movements

of the stage are adapted; upon it are fastened the dovetails (a) in which the

lateral motion works, and the screw (b) hy which it is moved.

Fig. 3. The lateral sliding-plate ; the lower part forms a collar (c) in which the

screw of fig. 2 works, on the upper part is a pinion (d) by which the verti-

cal plate is moved up and down.

Fig. 4. The vertical-plate upon which the object is placed. On the under side

is fixed a rack corresponding to the pinion in fig. 3, the upper side is

fitted with two clamps sliding in dovetailed grooves ; the inner parts

of the clamps are hollowed out to admit the light freely from the mirror

when the Lieberkuhn is in use.

(The extent of the lateral and vertical actions is about one inch each way).

Fig. 5. A sketch of the stage in its finished state ; the arrow indicates the axis of

the body of the microscope ; a, the pin to carry the forceps ; ft, a knob for

turning the revolving-plate ; c, the ring immediately upon the foundation-

plate.
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XXIII.— On a New Medium for mounting Organic Substances as

Permanent Objects for Microscopic Inspection. By Robert

Wabington, Esq.

(Read March 29, 1848).

The want of some non-volatile fluid for the purpose of mounting

organic objects permanently for microscopic investigation must have

been felt by all parties accustomed to the practical manipulation of

such matters; and it is with the view of affording some assistance to

the working microscopist in this direction, that I am induced to lay

the present brief communication before the Society.

In making these remarks, I allude more particularly to such

organic objects as occur in a wet state, or contain water in their

structure or substance, and which, if got rid of by exsiccation, would

destroy the configuration and appearance of the subject, as must

be the case with many confervoid plants, Desmidece, and many deli-

cate animal or vegetable preparations, as well as in various other cases,

too numerous to enumerate.

The fluid, which I have to bring under the notice of the members

of the Society, is generally termed Glycerine, or Oxide of Glycerule ;

it is the sweet principle, as its name implies, of all oils and fats, which

consist of this compound in union with the fatty and oily acids : when

therefore these are separated, by causing them to combine with any
base for which they may have a stronger affinity, as in the processes

for making soaps and emplastra, the Glycerine is set free, and as

in these operations it is always necessary that water should be pre-

sent to effect the required decomposition, this agent holds the sweet

principle in solution, and may be readily separated when the process

is perfected.

Having had occasion to apply the fluid, in consequence of its pecu-

liar properties, to the purposes of preserving animal and vegetable

substances on the large scale, I was induced to try its application to

effect the desideratum already alluded to.
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The method I have adopted in the employment of Glycerine, is sim-

ply to mount the object in the manner it is usually performed when

spirit of wine or creosote water is used as a medium, and hav-

ing covered the immersed object with the thin glass and removed all

excess of liquid, to cement the margin with a coating of shell-lac var-

nish ; the one I usually employ consists of the ordinary black sealing-

wax dissolved in rectified spirit of wine. Care must be taken during

this operation to maintain the slider in a flat position until the varnish

has become dry from the evaporation of the spirit, and also until a

sufficient number of coatings or layers of the varnish have been

applied to render the subject perfectly secure and prevent any

escape of the fluid. Gold-size or copal dissolved in oil of lavender

may be employed to effect the same purpose, and the second

and third coatings may, with advantage, consist of either of these,

which yield a tough varnish above the lac, which is otherwise liable to

become brittle. The Glycerine may be used in its concentrated

treacly state, or it may be diluted with distilled water to any required

extent, according to the object of the operator and the subject to be

mounted; if there be extremely fine markings on the subject it is bet-

ter to add about four or five times its volume of water, as otherwise the

thick fluid may prevent these from being so sharply defined as may
be desired. I have had a number of slides of Desmidece which have

been mounted from four to ten months by this means, and they have

kept excellently. The Glycerine may also be used with the addition

of a small portion of culinary salt, corrosive sublimate, creosote or spi-

rit of wine, if considered desirable.

While on this subject, I may, perhaps, be allowed to describe

shortly to the Society the method I have adopted for using castor oil

as a medium for mounting certain classes of objects ; this method was

described in a paper, read before the Chemical Society, in January,

1844,* entitled 'A means of preserving the Crystals of Salts as per-

manent objects for microscopic investigation ;' and as I have been fre-

quently questioned on this subject by members of the Microscopical

Society, I hope its brief abstract may not be deemed out of place
here.

The object required to be mounted is placed on the slider in

its dry state, or deposited wet and allowed to dry, or if in solution, a

drop of the liquid is to be placed on the slip of glass and allowed to

crystallize by spontaneous evaporation ;
in the latter case I prefer

* •

Proceedings and Memoirs of ibe Chemical Society,' vol. ii. p. 71.
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taking a drop of a warm saturated solution of the salt required, and

when a good group of well-defined crystals has been obtained, to

break through the marginal ring of crystalline deposit with a small

point of wood, and carefully conduct off the uncrystallized portion or

mother liquor to the extremity of the slide, at the same time placing

it in a vertical position to drain until it is dry. A small quantity of

castor oil is to be next carefully dropped on the subject and guided

over the field with the point of a needle
;

in this way it readily

displaces the air and occupies the most minute cavities. After a short

time the upper glass is to 'be placed on the surface, taking care

to lower it gradually so as to exclude the air ;
if the field is too full

of oil the excess may be removed by a small piece of bibulous paper,

and if, on the contrary, sufficient oil has not been used, an additional

portion can be readily introduced, by the capillary action, between

the glasses. I mention these points of practical manipulation because

on them the success of the operation may often depend, as it must be

evident that in the first case, the excess would prevent the cell from

being properly sealed by the varnish, and in the latter, it would

be drawn into the field and the whole operation spoiled. The shell-lac

varnish is then to be used as the cementing medium in the same way
as has been described, and with the same precautions. I may also

observe, that this varnish cannot be replaced by either of the others,

as it is actually necessary (and this should always be borne in mind)
that there should exist no affinity between the fluid in the cell and the

varnish used to seal it permanently. Hundreds of excellent objects
have been lost from this cause, and much valuable time and labour

thrown away.
The reason why oil was selected for this purpose arose from its want

of action on most crystalline salts, many of which could not be pre-
served uninjured in any other medium. Castor oil was chosen

in consequence of its not depositing a crystalline stearine by reduc-

tion of temperature, as is the case with most oils, and even in some

specimens of this material, it therefore requires to be carefully ex-

amined in this respect before it is employed.
In the same year I used this medium as a mounting fluid for minute

Fungi and Pediculi, with complete success, and exhibited them to

numerous microscopic friends, by some of whom it has also been

since employed with entire satisfaction.
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XXIV.— On Micrometers. By Geokge Jackson, Esq.

(Read November 24, 1847).

It is often desirable in microscopical investigations to have a ready
means of ascertaining the dimensions of the objects we are examining ;

and this want was felt by microscopists at a very early period.

Leuwenhoeck, the father of microscopical discovery, selected minute

grains of sand as nearly alike as possible ; and, arranging them in a

line, counted the number which occupied the space of an inch. By
comparing the subjects of his examination with these, he was enabled

to form a rough estimate of their bulk.

This was a rude contrivance, and suited to the infancy of the mi-

croscope ; but one on a similar principle, although rather more

refined in practice, has been recently proposed by a distinguished

German botanist, and an enthusiastic advocate of microscopical

research. Schlegel recommends that we should take as our standard

the blood-corpuscles of some common animal, and estimate the size

of other bodies by comparison with them.

Leaving the history of micrometry as a subject more curious than

useful, we will proceed to the methods at present practised.

Lines can be ruled with a diamond one thousand to the inch, or

even finer, with considerable accuracy ; and the idea would naturally

occur to any one that were an object laid on a slip of glass so divided,

it could be measured as we measure larger bodies with a rule. This,

however, except with a low power, is quite impracticable ;
for the fo-

cus of a good microscope is so precise, that the plane in which

objects can be distinctly defined is almost a mathematical one, which

cannot be occupied by two bodies at the same time : and besides, if

the object be immersed in a fluid, as is generally the case, the lines

become filled with it, and are thus rendered invisible.

The measuring of the object itself being then impossible, let us turn

our attention to its magnified image : and here a variety of methods

have suggested themselves to microscopists.
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When Mr. Lister undertook, in conjunction with Dr. Hodgkin, to

measure the human blood-discs, and to determine which of the very

discordant statements of anatomists was most entitled to confidence,

he used the following method.

By means of the camera lucida he first made a sketch of the

blood-discs ; and then, without altering the distance of the paper, or

the optical arrangements of the microscope, he placed a slip of ruled

glass on the stage in place of the object, sketched it on the paper,

and used it as a scale to measure the drawing that he had previously

made. The object and the micrometer being both magnified to the

same extent, their images will necessarily bear the same relation

to each other as the bodies themselves. The method is, therefore,

correct in principle, and should always be practised when drawings
are made, as preferable to the common mode of merely stating the

magnifying power used.

Micrometric measurements then are made by comparing the magni-

fied image of an object with the similarly magnified image of a scale

of known dimensions ; and we have next to Consider /Che readiest and

simplest means by which this may be effected ; taking care to attain

the utmost accuracy that the subject admits.

Although Mr. Lister's mode is capable of a good deal of precision,

yet, when a drawing is not otherwise required, it is not the most

ready method that has been contrived. If a micrometer be placed in

the focus of the eye-glass, it will serve as a common measure by
which an object on the stage, and another micrometer in the same

situation, may be compared : and it has this among other advantages,
that when we have ascertained with each of our object-glasses the

relation which exists between the two micrometers, that on the stage

may be dispensed with.

The micrometer generally used with astronomical telescopes con-

sists of two parallel wires (or spider's webs), one fixed, and the other

movable by means of a screw, the head of which is divided into one

hundred parts. This, with a simple contrivance for reading the num-
ber of turns made, enables us to ascertain the distance of the wires to

the hundredth of the turn of the screw : and, as the latter has

commonly about one hundred threads to the inch, it should mea-

sure the magnified image of an object to the ten-thousandth of an

inch.

With an object-glass of one-eighth of an inch focus, and a body of

the usual length, the image will be amplified about eighty times,

exclusive of the power of the eye-piece ; and, therefore, a quantity as
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small as the eight-hundred-thousandth of an inch should be appre-
ciable by such an instrument. But can anything like this precision
be attained in practice ?

When Mr. Ross was constructing his beautiful engine for dividing

circles, he found that he could not ascertain the position of a line

nearer than to the eighty-thousandth of an inch, even with achro-

matic glasses, and the micrometer just described : showing that such

a micrometer is at least ten times as delicate as can be rendered

available to the microscope.
Without entering into the optical reasons why the position of a line

can be determined to a greater degree of accuracy than the diameter

of an object having sensible thickness, we will proceed to the method

of finding the value of the divisions of the eye-piece micrometer with

a particular object-glass. In the telescope this is effected by noticing

the number of seconds which a star occupies in passing from wire to

wire when the latter are placed at a certain distance apart; and

a better method can scarcely be desired. The diurnal motion of the

earth is perfectly equable, and that of the clock or chronometer by
which it is measured may also be considered so for short intervals of

time
; the errors therefore are merely those of observation ; which, by

sufficient repetition, may be reduced to an insensible quantity.

In the microscope the case is widely different ; there is no such

perfect foundation to build on ; for we can only assign a value to

the eye-piece micrometer by comparing it with one on the stage ; and,

if the latter be accurate to the twenty-thousandth of an inch, it is the

utmost that can be expected. By not depending on a single division,

but taking an average of several, the error may possibly be diminished

to the half of that quantity ; and we shall then have very nearly

reached the limits of optical as well as mechanical accuracy; for al-

though the position of a line may, by very careful observation, be as-

certained to the eighty-thousandth of an inch, the diameter of a body
can hardly be measured nearer than the forty -thousandth, if so near.

Any means then by which this degree of accuracy can be attained

will be quite sufficient for our purpose, all beyond being useless.

A slip of glass placed in the focus of the eye-glass can be used

with the divisions sufficiently fine to have the value of the ten-

thousandth of an inch with the quarter-inch object-glass, and the

twenty-thousandth with the eighth ;
and at the same time the half, or

even the quarter, of a division may be estimated
;

thus affording the

means of attaining all the accuracy that is really available. It may
therefore entirely supersede the more complicated and expensive
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screw-micrometer, being much handier to use, and not liable to

derangement in inexperienced hands.

The next subject for consideration is the kind of eye-piece best

suited to microscopic measurement.

The positive eye-piece was constructed by ftamsden especially for

micrometric use, and Mr. Ross applies it to the micrometers that he

furnishes to his microscopes. Mr. Smith and Mr. Powel, following
Mr. Tully, place the micrometer in the negative eye-piece in the

situation of the stop.

Each of these plans has its peculiar advantages. The positive

eye-piece gives the best view of the micrometer, the negative of the

object. The former is quite free from distortion, even to the edges of

the field, but the object is slightly coloured. The latter is free from

colour, but is slightly distorted at the edges : in the centre of the

field, however, to the extent of half its diameter, there is no per-

ceptible distortion ; and the clearness of the definition gives a pre-
cision to the measurement which is very satisfactory. For this

reason I give it the preference.

I will now proceed to describe the micrometer which I laid before

the Society at a former meeting.
Short bold lines are ruled on a piece of glass ; and, to facilitate

counting, the fifth is drawn longer, and the tenth still longer, as in

the common rule. Very finely levigated plumbago is rubbed into the

lines to render them visible
; and they are covered with a piece

of thin glass, cemented by Canada-balsam, to secure the plumbago
from being wiped out. The slip of glass, thus prepared, is placed in

a thin brass frame so that it may slide freely ; and is acted on at one

end by a pushing-screw, and at the other by a slight spring (fig. 1).

(Fig. 1).

Slits are cut in the negative eye-piece on each side (fig. 2), so that

the brass frame may be pressed across the field in the focus of the

eye-glass ;
the cell of which should have a longer screw than usual to

admit of adjustment for different eyes. The brass frame is retained
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in its place by a spring within the tube of the eye-piece ; and,

in using it, the object is brought to the centre of the field by

(Fig- 2).

the stage movements, and the coincidence between one side of it and

one of the long lines is made with great accuracy by means of the

small pushing-screw that moves the slip of glass. The divisions are

then read off as easily as the inches and tenths on a common
rule. The operation indeed is nothing more than the laying a rule

across the body to be measured ; and it matters not whether the ob-

ject be transparent or opaque, mounted or not mounted ;
if its edges

can be distinctly seen its diameter can be taken.

Previously, however, to using the micrometer, the value of the

divisions should be ascertained with each object-glass ;
the mode of

doing which I will explain more fully.

Lay a slip of ruled glass on the stage, and, having turned the eye-

piece so that the lines on the two glasses are parallel, read off

the number of divisions in the eye-piece which cover one on the

stage. Repeat this process with different portions of the stage-micro-

meter, and, if there be any difference, take the mean. Suppose the

hundredth of an inch on the stage requires eighteen divisions in the

eye-piece to cover it
;

it is quite plain that an inch would require

eighteen hundred, and an object which occupied nine of these di-

visions would measure the two-hundredth of an inch. This is the

common mode of expressing microscopical measurements
;
but T am

of opinion that a decimal notation would be preferable if universally

adopted. Take the instance supposed, and let the microscope be fur-

nished with a draw-tube marked on the side with inches and tenths.

By drawing this out a short distance the image of the stage mi-

crometer may be expanded until one division is covered by twenty in

the eye-piece. These will then have the value of two-thousandths of
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an inch, and the object which before measured nine will then measure

ten ; which, divided by 2000 gives the decimal fraction ,005.

Enter in a table the length to which the tube is drawn out, and the

number of divisions on the eye-piece micrometer equivalent to an

inch on the stage ;
and any measurements afterwards taken with that

micrometer and object-glass may, by a short process of mental arith-

metic, be reduced to the decimal parts of an inch, if not actually ob-

served in them.

In ascertaining the value of the micrometer with a deep object-

glass the hundredth of an inch on the stage will occupy too much of

the field : the two-hundredth or five-hundredth should then be used,

and the number of divisions corresponding to that quantity be multi-

plied by two hundred or five hundred, as the case may be.

The micrometer should not be fitted into too deep an eye-piece, for

it is essential to preserve clear definition. The middle eye-piece of

the London-made instruments is for most purposes the best, provided
the object-glasses be of the first quality; otherwise the eye-piece of

lowest power answers better. The lens above the micrometer should

not be of shorter focus than three-quarters of an inch, even with the

best object-glasses.

Micrometers have generally been ruled in squares ; but when fine

they are with difficulty counted, and in no case possess an advantage
over the one above described ; for it is obvious that dimensions may
be taken in any direction by merely turning the eye-piece.

It is almost needless to remark that this is not injured by the slits

cut in the tube ; consequently an additional one is not necessary ; and

the expense is confined to the slip of ruled glass and the fittings.

The means, therefore, of measuring minute objects with the utmost

accuracy, can be applied to any compound microscope for a few

shillings.

In conclusion, I would observe that the fine focal adjustment made

by moving the object-glass alone, and thus altering the distance

between it and the eye-piece, would destroy the perfection of mi-

crometry were it otherwise attainable
; and the adjustment for thick-

ness of glass is a quantity by no means to be neglected. The value

of the micrometer should be found with the object-glass, set both for

uncovered and covered objects ;* and, during this operation the screw

* The draw-tube should be adjusted so as to give the same value in both cases,

and the distance to which it is drawn out should be entered in the table : it will then
be easy to set it so as to give correct results in any state of the object-glass.
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of the focal fine adjustment should be placed about midway between

the two extremes.

The only novelty in this communication is the pushing-screw,
which acts as a fine adjustment in bringing a line on the micrometer

to coincide with the edge of the object to be measured. This I ex-

hibited to the Society at a former meeting, and the president after-

wards suggested that I should prepare a written description of it, that

it might, if the council thought fit, be published in the 'Transactions.'

I have found so many working microscopists without any clear

ideas on the subject, that I have gone much further into it than would

have been necessary merely to describe this little contrivance : and I

have done it in the hope that, although the details will to many ap-

pear tedious, there are some few to whom they may be of service.
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XXV.— Observations on the Anatomy of the Skin of a Species

of Murana. By Andrew Clark, M.D. Communicated by
J. E. Gray, Esq.

(Read March 29, 1848).

The following anatomical details are based chiefly on examinations

of the skin of a species of Murana ; but as the skins of several allied

species were likewise examined, and as the points of difference were

few and of degree only, the present account of the anatomy of the

skin may, in as far as it extends, be considered typical of such mem-
bers of the eel tribe as are devoid of dermal appendages in the form of

bones or scales.

The thickness of the skin in these animals, its density, and the pre-

sence of much oily matter, render any minute examination of it ex-

tremely difficult. By macerating the skin, however, sometimes in

ammonia, sometimes in ether or potass, these difficulties were greatly

lessened, and the study of its histological elements rendered compa-

ratively easy.

The skin of the Murana may, in a philosophical sense, be

considered a mediate phase of compound textural development, con-

necting the mucous membrane on the one hand with the less highly

organized tegumentary membrane on the other, and affording an illus-

tration of one of the many gradations of form by which these struc-

tures merge into each other.

The only essential elements in the composition of the mucous tis-

sue in its most comprehensive signification are the primary, germinal,
or basement membrane, and the layer or layers of epithelial cells on

its free surface, the conjoint inflections of which constitute the

follicles or glands.

These elements undergo various modifications, and receive also

certain appendages, according to the position in which the tissue is

found and the particular end which it is destined to fulfil in the

economy.
To the primary membrane and its epithelium are added on its deep

surface various forms of areolar tissue and capillaries ; and, with the

TRANS. MIC. SOC. VOL. II. N
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modifications of the former the modifications of the latter sometimes

correspond, but not always, and never necessarily. The areolar or

filamentous tissue is subservient simply to the mechanical support of

adjacent textures and to the preservation of form ; or it is present as

a means of facilitating motion. The capillaries represent merely
so many instruments for the conveyance of nutrient materials to the

textures, which themselves select, assimilate, and absorb.

Modified in one way these elements are presented to us in the form

of mucous membrane : modified in another way, with additions sub-

servient to protection, motion, &c, they occur as integument or

skin.

It is of the essential elements of the mucous tissue, and of certain

appendages to these as they occur in the skin of the Murana, that we

are at present to speak. The appendages alluded to are certain lay-

ers of fibrous tissue, which from their form and arrangement seem to

be in some way subservient to motion.

Instead of considering the germinal membrane as a whole, it will

render our remarks more intelligible to treat separately of its inflec-

tions in the form of glands ;
of its epithelium and its modifications ;

and lastly, of the layers of fibrous tissue on which the basement mem-
brane is placed.

If the surface of a vertical section of the skin be examined with the

naked eye, it will appear divisible into two pretty equal parts ;
— an

outer one, dark, dense, firm and semitransparent, and an inner one,

yellowish, loose, oily and opaque. The former part consists of the

epithelium, the germinal membrane, the pigment, the glands, and the

fibrous tissue, which collectively constitute the skin proper ; the latter

of a very loose filamentous tissue, the interstices of which are filled

with fat-globules. The loose tissue just mentioned forms the medium

of connexion between the skin proper and the dense white fascia

covering the muscles.

Epithelium.

The free surface of the skin is covered by several layers of epithe-

lial cells. Although the form, and even the constitution of these cells

varies according to their position on the skin, there are certain fixed

characters common to the whole,
— characters of which the different

forms are simply modifications. With the exception of vibratile cilia,

with which a few of the cells are furnished, the following is the gene-

ral constitution of these bodies :
—

1st, a transparent homogeneous
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cell-wall lined on its internal surface by a layer of elementary mole-

cules and granules : 2nd, an eccentric nucleus : and 3rd, more or

less solid or fluid cell-contents.

In the majority of instances there is an additional layer of granular

matter on the exterior or free surface of the cell-wall. These

granules are rendered paler, but are not dissolved by acetic acid ;*

and their quantity appears to be increased on the addition of strong

ammonia. The action of acetic acid upon these cells and their con-

tents is much less strongly marked than is ordinarily the case in cells

bearing the same structural relations. The cell-contents are either

fluid or imperfectly solidified like gelatine : they are of an albumi-

nous character, and have elementary granules imbedded in their in-

terior. The nucleus is large, oval, slightly cupped, and marked by
two dark circumferential rings. It is possessed of two coats,

—
an outer one, clear, structureless, and forming nearly two-thirds of the

whole thickness of the nucleus, and an inner one investing an aggre-

gation of dark, refractive, elementary granules. This body appeared
to resist the action of ordinary re-agents : dilute sulphuric acid alone

appeared to exert any effect upon it, and that, simply by render-

ing the central granules paler and less distinctly defined.

As illustrative of the principal modifications of these general cha-

racters in respect to both the constitution and form of the cells, I sub-

join examinations of the mucus scraped from three different parts of

the body,
—from the exterior of the mouth, from the middle of the

back, andfrom around the anal orifice.

In the matters scraped from the exterior of the mouth there were

found, in addition to fluid mucus and elementary granules, three

different forms of epithelial cells : these were the ciliated, the tessel-

lated, and the caudate.

The ciliated epithelial cells were from three to five times the dia-

meter of the human blood-disk, irregularly spherical, and analogous
in constitution to the same bodies as observed in all the lower classes

of the animal kingdom. Each cell was truncated, so as to form

an abrupt extremity, which retained its form by means of a ring

of elastic fibrous tissue to which the hollow pyramidal cilia were

attached.

The tessellated epithelium occurred in the form of patches, the in-

dividual cells composing which were small— about -nnny of an inch

* The cell-membrane strongly resisted the action of acetic acid : I could never dis-

solve it entirely by the use of this re-agent.

n2
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in diameter— thin, and derived evidently from tne cutaneous follicles

or glands.

The caudate-shaped epithelial cells were large, delicate, and nu-

cleated. Their greatest breadth might be five, and their length

eleven times the diameter of the human blood-disk. The one ex-

tremity was full, rounded, bulging, and contained the nucleus
;
—the

other was narrow, and terminated in a filiform point.

The mucus taken from the middle part of the back exhibited the

following cellular forms : 1st, the spherical : 2nd, the caudate : 3rd,

the tessellated ; to these forms of epithelial cells were added also, a few

oil-globules. 1st, the spherical forms of epithelial cells. These varied

in size from three to nine times the diameter of the human blood-disk.

The smallest cells were nucleated and pretty darkly granular; the

larger were paler and more finely granular, whilst the circumferential

ring appeared darker and more refractive. The largest cells, though

they presented few— and these morphological
— differences from the

others in anatomical constitution, appeared to differ widely in chemi-

cal composition. They were pale, smooth, and delicate
;
the nucleus

generally interior ;
and the granular constituents either entirely ab-

sent or imperceptibly fine. They resemble delicate vesicles filled

with oil ; and by the action of ether were rendered still paler and less

distinct. The first merged into the form last described by a series of

almost insensible gradations ;
and they evidently possessed a definite

morphological relation to each other. Of that relation, however, I am
not at present prepared to speak : 1 indicate merely my belief in its

existence.

The caudate forms of cells here met with differed considerably from

those observed in the neighbourhood of the mouth. They were not

pointed at the one extremity ; in the majority the cell-contents were

of a gelatinous consistence ;
exosmosis could not be induced in them

;

and in not a few the nucleus had escaped, carrying with it a portion

of the original cell-wall and leaving a distinct hollow in the substance

of the parent cell.

The tessellated forms were analogous to those already mentioned as

having been found in the neighbourhood of the mouth, and will be

described at large when speaking of the cutaneous glands.

Mucus scraped from around the anal orifice, exhibited cellular

forms similar to those just described
;
but in addition to these, there

were observed also certain combinations of epithelium, which will be

noticed under the head of glands. The integument about this part

was soft and velvety ;
and conveyed to the touch an impression simi-
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lar to, but somewhat rougher than that experienced on moving the

fingers along the mucous lining of the ileum in man.

By microscopic examination, this was found to arise from the pre-

sence of numerous villous-looking bodies projecting from the free sur-

face of the skin. These were about half the size, and somewhat of

the shape, of the villi met with in the human intestine. They

appeared as long saccular projections from the skin, filled with granu-

lar non-nucleated corpuscles. The outline of each was dark, sharp,

and depended evidently on the presence of a distinct limitary mem-
brane. I could detect no cellular forms on the outer or free surface

of these bodies : they resembled in their general outline the villi of

the choroid plexus, but there was no apparent cavity and no trace of

vessels in their interior.

The limitary membrane of these bodies presented on its inner sur-

face delicate hexagonal markings, analogous to those met with in the

middle or basement membrane of the scales of the Percidce : I was

unable, however, to trace the structural relations of that membrane to

the other tissues of the skin.

These bodies would seem to possess a definite, though as yet

unexpressed, relation to the various maturely developed dermal

appendages.

Glands.

These are formed by inflections of the primary or germinal mem-

brane and its epithelium ; and are situated in the textures of the skin,

on the free surface of which they terminate by open mouths, Some

of these openings are visible to the naked eye ; others require the aid

of the microscope for detection : the former are confined to the lateral

line
;

the latter are of two kinds,
— the one studded over the whole

surface of the skin,
— the other found only around the anal orifice.

These openings are the orifices of follicles or glands,
— the first and

last superficially, the second deeply seated in the structure of the

skin.

The glands of the lateral line are continued onwards to the head,

with the ossicles of which they communicate by branched and com-

plicated diverticula. It is to these glands, as they are found along

the lateral line of the body, that I shall confine my present observa-

tions. These vary from four to nine lines in length, the chief portion

of which lies in a direction nearly parallel to the surface of the skin.

The orifice is about half the diameter of the body of the follicle,
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which immediately within the mouth is pretty equal in breadth

throughout. They do not resemble in shape, therefore, nor as we
shall afterwards see in structure, the flask-shaped glands of the skin

of Amphibia.
The margins of the openings of these glands are thick, rounded, al-

most papilliform; and their cavities, in the recent state, filled with

small epithelial cells in various stages of development. When
the latter are removed, the interior of the gland is seen to be lined by
a layer of small, flattened, nucleated corpuscles, which, by pressure,

may be forced out into the field and broken into irregular patches.

These corpuscles are not completely flattened
;
are more or less regu-

larly hexagonal, granular, and furnished with a nucleus which is im-

bedded in a number of elementary granules. It is seen also that

these corpuscles rest on, and are attached to, a very delicate, almost

homogeneous membrane, which, on the addition of ammonia, be-

comes distinctly granular. Lining the cavity of the follicle this mem-
brane may be traced towards the free surface of the skin, in which it

becomes lost to view between the epithelial and pigmentary layers.

This membrane is the analogue of the primary membrane of the mu-

cous and serous tissues ;
it is the basement or germinal membrane of

that modification of the former termed skin, and though it cannot be

distinctly demonstrated in the interfollicular portions of the integu-

ment, no reasonable doubt can, in this case, be entertained of its con-

tinuity throughout. In the present case, the pigment of the skin

appears to occupy a somewhat anomalous position. In the higher

animals it is said to occur in the inferior or young layer of epithelium

cells, and is situated externally, therefore, to the supposed seat of the

germinal membrane. In the tribe of animals under consideration, it

would seem to be the reverse; for although numerous pigmentary

granules are found in the epithelial cells, by far the greatest part of

the cutaneous pigment is placed beneath the germinal membrane, is

granular, occurs in rounded or stellar masses, and is not situated in

the interior of cells, though it may possibly have had a cellular origin.

The deep surface of this germinal membrane of the follicles is

surrounded by a thick layer of inelastic fibrous tissue, which gives

support to and determines the form of the gland. This layer is com-

posed of distinct fibres, which appear as if regularly woven into each

other, and which at the mouth of the gland are lost in the fibrous ex-

tension lying beneath the germinal membrane, and containing in its

meshes the granular pigment of the skin.
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Glands of the general surface.

In addition to the openings seen along the lateral line and visible

to the naked eye, the general surface, as before stated, is studded

with other openings of a similar character, but so much smaller as to

become visible only to the assisted sight. The diameter of these

openings is about -^ of an inch, and nearly uniform throughout.

They are rounded or oval; have their margins sharply defined,

slightly elevated above the surface and surrounded by thickly set gra-

nules of pigment. In a vertical section of the skin, examined by
transmitted light, membranous tubes are seen to proceed onwards

from these openings to the subcutaneous filamentous tissue in which

they terminate. The physical properties of this latter tissue offer a

striking contrast to those of the skin proper. The latter is hard and

dense, and thin sections may readily be made to transmit the light:

the former is loose, soft, oily, of a dead white colour when com-

pressed, and under all circumstances transmits the light with diffi-

culty. Demonstration of the mode of termination of these tubes,

therefore, is attended with considerable difficulty ; and even when ef-

fected, is more the result of chance than of any peculiarities in the

means employed. Under favourable circumstances, however, the ter-

mination of these tubes may be very distinctly made out. It will then

be seen that they end in little saccular dilatations, more or less con-

tracted at different points, as if the cavity were subdivided into com-

partments by imperfectly developed membranous septa. These tubes

and their saccular terminations were generally filled with small oil-

globules, which, by manipulation of the glasses, might be made to ap-

pear at the mouths of the follicles on the free surface of the skin. It

was almost impossible to determine the exact structure of the parietes

of these follicles, on account of the great diffraction of light produced

by the oily matter in their interior, from which they could not be freed.

Two sorts of fibrous tissue appeared to enter into the composition of

their walls,
—the one external, loose, reticulated, and connected with

the subcutaneous filamentous tissue, and the other an internal or

fibrous, coat proper, composed of distinct translucent fibres, marked by
the presence of atrophied nuclei, and resisting the action of acetic

acid. The inner surface of this latter tunic was very glistening, and

appeared marked in various ways by horizontal and cross lines. These

markings, though in some parts regular, I could not safely refer to a

cellular origin. The saccular terminations of these follicles were each
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imbedded in a quantity of ,loose filamentous tissue, containing nume-

rous fat-globules in its meshes.

Glands around the anal orifice.

The openings of these glands were rather larger than those just de-

scribed, and equal in width to any part of the cavity. The shape of

each gland indeed might be likened to a semicircle, the flat surface of

which would represent its mouth. The margins of these glands were

slightly elevated above the surface, and surrounded each by a single

layer of flattened epithelium. In structure, they resembled the

glands of the lateral line ;
but the lining epithelial cells were larger

and more delicate, and the surrounding fibrous tissue more scanty

and fine.

Fibrous tissue of the Skin proper.

If a horizontal section of the skin be examined on its deep surface,

by means of a simple lens, numerous bundles of fibrous tissue will be

seen crossing each other at nearly right angles, so as to leave more or

less regular quadrilateral interspaces. The one series of these

fibres is circular, the other longitudinal, and both are placed some-

what obliquely, the latter more decidedly so than the former. These

bundles occur in alternate layers that commence and end with the

circular, which are somewhat larger and thicker than the longitu-

dinal. Each layer is distinct, as are also the individual bundles com-

posing it.

Prepared vertical sections of the skin, magnified about two hundred

times linear, are best adapted for developing the structure and rela-

tions of this tissue. Examined by transmitted light, a section of this

kind exhibits from without inwards,
—

1st, the germinal membrane and

its epithelium : 2nd, a layer of reticulated fibrous tissue, containing the

granular pigment in its meshes : 3rd, from fourteen to eighteen rolls or

bundles of fibrous tissue running nearly parallel to the surface of the

skin, traversed vertically
— that is, from the outer to the inner surface

of the skin—by the wavy tubes of the follicles formerly described, and

by certain arctuous bands about to be noticed.

These rolls or bundles of fibrous tissue run in a direction nearly pa-

rallel to each other
;
their average diameter is about the T^th of

an inch ;
in shape they are irregularly rounded, quadrilateral, or flat-

tened ; and the extreme sides of each are marked by two irregular dark
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refractive lines. Two or more of these layers occur in a section
;
and

although the bundles composing each layer are placed on a level

plane, and pursue a similar direction, they do not lie in immediate

contact. Each roll, indeed, is separated from its fellow by a parallel

depression equal in breadth to its own diameter, and about half

as deep. The bottom of each interspace is filled up by one of the

bundles composing the subjacent layer, and by the ends of the longi-

tudinal fibres. Each of these cells or bundles of fibrous tissue

is smooth on its exterior, of a yellowish colour, oily, and composed,

apparently, of numerous molecular fibres, imbedded in a transparent

structureless stroma or matrix. These molecular fibres appear to

possess a longitudinal arrangement ; but by long maceration in water,

or by the addition of weak ammonia, the separate bundles swell up,

become pale and granular, and lose every appearance of being com-

posed of longitudinal fibres. These changes are more rapidly

and decidedly induced by the action of weak acetic acid. On the

addition of this re-agent, the separate bundles almost instantly swell

out to nearly double their original size, and become more regularly

rounded, exceedingly pale and studded with granules. Simulta-

neously with the occurrence of these changes, a number of persistent

nuclei make their appearance along the margins of each bundle.

These are small, transparent, of a yellowish green colour, and oval or

somewhat elongated in shape. In this condition, each bundle ap-

pears as a rounded, structureless mass, studded with innumerable

black points. These points or granules are arranged in a transverse

direction, and it is in that direction too that the bundles when in this

state are generally cracked or fissured. When greatly diluted acid

was employed, the appearance produced in the bundles was very pe-
culiar. Each bundle seemed to be made up of a series of smaller

bundles of molecular fibres, twisted in a spiral direction, and imbedded

in, or connected to each other by a transparent, structureless matrix.

This latter appearance was exceedingly common, and could be at any
time induced by the careful reaction of acetic acid.

These bundles are retained in their position partly by a fine, fila-

mentous tissue, which surrounds them in every direction, but princi-

pally by numerous arctuous bands which proceed onwards from the

areolar tissue beneath the germinal membrane, pass round the inner-

most fibrous bundle, and become firmly connected with the arctuous

bands of other layers. These bands are composed of elastic, fibrous

tissue, and in their progress inwards give off subsidiary bands, which
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pass between the individual bundles and become connected with

other offsets from different parts.

In the foregoing observations, I have confined myself to the detail

of mere facts, which on that account must appear more or less uncon-

nected ;
and I have refrained, purposely, from considering the gene-

sis, development, and morphological relations of the tissues therein

described. When my observations have been extended, I shall take

an early opportunity of promulgating my views of the physiological

relations of these textures.

EXPLANATION OF PLATE XXIII.

Fig. I. Fibres of the fibrous tissue of the true skin. The figure on the left

hand shows the effect of acetic acid upon these fibres.

Fig. 2. Openings of cuticular glands.

Fig. 3. The mode of arrangement of the fibres in the true skin and the ducts

of the glands.

Fig. 4. Epithelial cells in the mucus from the middle part of the back.

Fig. 5. Epithelial cells from the exterior of the mouth.

Fig. 6. Epithelial cells from the neighbourhood of the anal orifice.
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XXVI.—On the Value of the Microscope in the Determination of

Minute Structures of a Doubtful Nature, as exemplified in the

Identification of Human Skin attached many Centuries ago to

the Doors of Churches. By John Quekett, Esq., Assistant-

Conservator of the Museum of the Royal College of Surgeons

of England.

(Read April 26, 1848).

The vast number of highly interesting and valuable facts in natural

history and in philosophical anatomy which are daily being revealed

to us by the aid of the microscope, have quite established a new era

in these sciences.

The links in the great chain of animated nature which heretofore

may have appeared wide and discordant, have, by an intimate know-

ledge of structural anatomy been brought more closely together.

Zoological classification, which in early times was based principally

upon certain distinctions and peculiarities in external form, now be-

gins to take a higher stand.

In one order of animals the nervous system, in another the digestive

system, and in others the minute structure of the external or internal

skeleton, form at the present time the best grounds for classification.

Nature works with but few tools, but the material used, though often

of one and the same substance chemically, is nevertheless moulded

into an infinity of forms, and each form so perfectly characteristic of

the genus, or sometimes even of the species of animals, that a micro-

scopic examination only is required to identify them.

The force of this argument may be well exemplified by the struc-

tures termed Hair or Wool. In any two animals, of totally different

genera, the hair when examined chemically may be in composition

identical, but when submitted to the microscopic test, may be found

so manifestly different that the unpractised eye can readily discrimi-

nate between them. No one, I am certain, is better aware of this than

our worthy President, who has paid particular attention to the struc-

ture of hairs in different classes of animals, and no one is more likely
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either to coincide in the opinions which will be here put forth, or to

suggest some other explanation. Having premised thus much, I will

now proceed to the immediate object of this communication. Early
in the month of April, 1847, I was asked by Sir Benjamin Brodie,

whether it were possible to determine if skin, which had for many

years been exposed to the air, were human or not? I replied, I

thought it would be possible if any hairs were present. He then

spoke of a friend of his, Mr. Albert Way, whose name is so distin-

guished in the antiquarian world as one of our first archaeologists,

who was desirous of knowing whether certain specimens of skin,

stated to have been taken from persons who had committed sacrilege,

and which for centuries had been attached to the doors of churches,

were unequivocally human. In reply to this, I stated again that if

hairs were present, I had no doubt but the discrimination would be

comparatively easy. Here the matter dropped, but on the 25th

of May, 1847, 1 received the first of a series of five letters on this in-

teresting subject, and as no language of mine could better explain

the circumstances connected with it, I will take the liberty of reading

such parts of these communications as will be necessary for our pre-

sent purpose.

(No. 1.)

Wonhani Manor, Reigate,

May 24, 1847.

Sir,

At the suggestion of my kind friend, Sir Benjamin
Brodie, 1 am induced to trouble you with an inquiry, regarding which

I shall feel much obliged if you will favour me with an opinion. A
tradition exists in Worcester that a man having been caught in the

act of committing robbery in the cathedral, was flayed, and his skin

nailed upon the doors as a terror to the sacrilegious. The doors have

been recently replaced by new ones, but they are still to be seen, and

having written to a correspondent at Worcester to ascertain whether

this strange tale were still remembered, he has sent me a portion of

the skin, which is now only to be found under the iron hinges

and clamps of the door. One small portion is enclosed, the inner

side of which appears to have received the impression of the grain of

the wood of which the door was formed. Would you have the kind-

ness to tell me whether you can form an opinion from such a frag-

ment as to the probability that it be human skin or not ? The
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inquiry may perhaps appear trivial, but as a similar tradition is to be

found in two other places in England, and no reasonable cause can

be suggested why the door of a church should be covered with skin,

except from such motive as has been assigned, the question may not

be wholly devoid of interest, were it only as regards the durability of

human skin, exposed to the atmosphere in such manner.

I remain, Sir, yours faithfully,

Albert Way.

On this specimen, which was about an inch long and half an inch

wide, I succeeded in finding two hairs, and thus communicated to

Mr. Way the result of their examination, "I have carefully investigated

the portion of skin which you forwarded to me for my inspection, and

beg to inform you that I am perfectly satisfied that it is human skin,

taken from some part of the body of a light-haired person, where little

hair grows. A section of the specimen, when examined with a power
of a hundred diameters, shows readily that it is skin, and two

hairs which grow on it I find to be human hairs, and to present the

characters that hairs of light-haired people do. The hairs of the

human subject differ greatly from those of any other mammalian ani-

mal, and the examination of a hair alone, without the skin, would have

enabled me to form a conclusion. 1 may state that this is the second

occasion in which from the hairs alone I have been enabled to pro-
nounce an animal substance to be human."

In reply, I received this second communication.

(No. 2.)

Wonham, Reigate,

June, 4, 1847.

Dear Sir,

On my return home this evening I found your

obliging and very satisfactory reply to my inquiry, and I hasten to re-

turn you my sincere thanks for your kind attention to my request. I

must confess that I had almost feared you would have thought my
curiosity of too trifling a nature to induce you to bestow on the little

fragment I sent you such a scientific opinion as you have given me.
I must remark that if Cuvier had not set us the example of eliciting
valuable information from vestiges of the most trivial nature, we might
not have attached so much importance to the evidence which may be
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adduced from objects apparently insignificant. You have now ex-

cited my anxiety greatly to obtain specimens of the skin in the two

places to which I alluded,
— if tradition be of any value the duration

of the animal covering must in these cases be very great, for the story

is that the skin was taken from a Danish pirate,
— this would take us

back nearly nine hundred years. I hope to send you a sample.

I can only state that Sir Harry Englefield accredited and communi-

cated the tale to the Society of Antiquaries, a good many years since,

and that when I was last in Essex, it was not forgotten. As regards

Worcester, and the little portion which you have examined, you may
rely on its being as described taken from a very ancient door now

condemned and replaced by modern wood-work. There is another

fragment of this skin in the collection formed by the late Dr.

Prattinton, of Bewdley, bequeathed by him to the Society of Anti-

quaries, an d this first drew my attention to it. If you think such a

trifle worthy of a place in the invaluable Museum under your care, as

connected with so strange a story, I hope to be successful in sending

you a specimen of Dane's skin, older than the Conquest to place

by it.

I remain, dear Sir, yours very truly,

Albert Way.

On the 14th of July, I received a third communication, as follows.

(No. 3.)

Wonham, Reigate,

July 14, 1847.

Dear Sir,

I am enabled to forward to you a fragment, small

indeed, but authentic, of the skin, traditionally supposed to have been

that of a Dane, attached time out of mind to a door of the church of

Hadstock, Essex, supposed to have been pillaged by him. You will

very much oblige me if you can, according to your kind promise, aid

me in verifying this singular tale, as you did so successfully in regard

to the story at Worcester. Will you preserve the fragment for me, as

the person who has sent it to me, has, I fancy, a value for the relic.

I am chiefly curious as to the fact, which by your kind assistance, I

hope, may be elucidated.

I remain, dear Sir, yours truly,

Albert Way.
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On this specimen I found three hairs without much difficulty, and

wrote to Mr. Way as follows :
—"I have been again fortunate in

making out the specimen of skin you last sent me to be human ;

I found on it three hairs, which I have preserved. I should further

state, that the skin was in all probability removed from the back of the

Dane, and that he was a fair-haired person." At the end of the fol-

lowing month I was again addressed by Mr. Way to the following

effect.

(No. 4.)

My dear Sir,

Wonham, Reigate,

Aug. 31, 1847.

I have again to trouble you in this curious

inquiry regarding human skin attached to the doors of churches.

I have been fortunate enough to obtain from the Incumbent of Cop-

ford, Essex, a portion of skin taken from the church door, and to

which the like strange tradition had been assigned as in the two former

cases, which you have so kindly taken the pains to elucidate for me
in so satisfactory a manner. I am anxious to place these curious

facts on record. Will you permit me to state them on the authority

of the microscopic examination which you have had the kindness to

give to these specimens ? As soon as you may favour me with a ver-

dict upon that now submitted for your kind consideration, I shall

prepare a short statement for publication in our Quarterly Journal. If

the portions of skin to which these strange traditions, long preserved,
have by your friendly aid, been authenticated, should appear worthy
to be deposited in the valuable collection under your charge at

the College of Surgeons, I shall be much gratified in placing them

at your disposal.

I remain, dear Sir, yours very truly,

Albert Way.

On this portion of skin I found numerous hairs, which were both

larger and darker than those from the other fragments, and to

Mr. Way's communication I replied as follows :
— "I am happy

to tell you, that I have succeeded in making out the Copford speci-

men to be human, as well as the others : I have shown the hairs from
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this, as well as from the others, to some friends who were sceptical,
but they are now quite of my opinion."

(No. 5.)

My dear Sir,

Woiiham, Reigate,

Sept. 24, 1847.

Pray accept my best thanks for your kindness

in enabling me, so satisfactorily, to establish the strange traditions

respecting these relics of humanity. My kind friend and neighbour,
Sir Benjamin, has interested himself in the progress of the inquiry,
and I hope to inform him, on his return to-morrow, of this fresh dis-

covery. I hope that you will make such use of the facts as you may
desire, and if you should wish for any further information, I shall be

most happy to supply it. I think, however, that I stated the circum-

stances and tradition in each of the three cases, as I submitted them

to your discriminating skill. Mr. Neville writes to me, that Mr.

Towneley, the rector of Hadstock, had just obtained a scientific

opinion in regard to the skin from that church, fully in accordance

with your decision. I have enclosed the- specimen from Hadstock—
as you have been pleased to regard these relics as of sufficient

interest to merit a place in the precious collection under your care.

I wish the samples had been less diminutive; possibly you might
have been able to give us an opinion as to the skin having been sub-

mitted to any preservative process. Regretting that they are so

trifling in dimensions, I am gratified to be able to add to my sincere

thanks any token both of my esteem for your kindness, and of

my satisfaction at this alliance and cooperation betwixt Science and

Archaeology.
I remain, dear Sir, yours very truly,

Albert Way.

For the information of those who may be called upon to undertake

similar investigations, I will here state the mode of manipulating
which was adopted in order to obtain the hairs from the three speci-

mens of skin above described. The upper surface of each specimen
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was carefully examined as an opaque object, with a magnifying power
of forty diameters, and as soon as a hair was found it was seized with

a pair of very fine-pointed forceps and torn out
;
the hair was then

placed between glass, either with or without fluid, and viewed with a

power of two hundred linear, which will be found quite sufficient to

exhibit all the characters so fully known to microscopists. These are

well shown in PI. 24, figs. 1, 2, 3, by the accurate drawing of Mr.

Leonard, and their identity will be established beyond a doubt, when

figs. 1, 2, 3 are compared with that exhibited at fig. 4, which repre-

sents a small light-coloured recent hair taken from the arm.

It would, probably, be needless to dwell longer on the charac-

teristics of human hair, as since the invention of the microscope no

object has been more frequently examined, consequently its pecu-

liarities of structure are universally understood. There is, however,

one other point of great interest connected with human skin, that here

deserves mention, and this is the comparatively small number of hairs

with which certain parts of its surface are supplied; on reflection,

we shall find that no mammalian animals, save those nearly allied

to man himself, have any part of the body unprovided with hair, and

had other than human skin been exposed to the same circumstances,

some evidence of the abundance of the hairy covering would have

been observed on microscopic investigation ; but the present speci-

mens, in the paucity of hairs found on them, fully bear out all

the opinions that might, a priori, have been predicted of them. The

specimen from Worcester, on its under surface, shows the markings of

the grains of the wood, and the paint with which the door was

covered ;
this would go far to prove that the skin was laid on when in

a moist state, or soon after its removal from the body : but neither of

the other specimens exhibits the same appearances.

Besides showing the great scientific value of the microscope, in

bringing to light otherwise hidden truths, these specimens fully

establish the wonderful power of skin and hair to withstand for centu-

ries atmospheric influences, and serve to point out, that next to the

bones, they are the most durable parts of the human frame.

TRANS. MIC. SOC. VOL. II.
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EXPLANATION OF PLATE XXIV.

Fig. 1. A portion of the surface of the fragment of skin removed from the church-

door of Hadstock, in Essex, exhibiting a hair projecting from it, mag-
nified 320 diameters.

Fig. 2. The upper part of the same hair, magnified 500 diameters.

Fig. 3. A portion of the same hair, exhibiting the cellular structure of the interior,

similarly magnified.

Fig. 4. A portion of a small light hair from the human arm, for the sake of

comparison with the ancient specimens, magnified 500 diameters.
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XXVII.—On the Structure of the Shell and Soft Animal of Polysto-

mella crispa ; with some Remarks on the Zoological Position of
the Foraminifera. By W. C. Williamson, Esq., of Man-
chester.

(Read December 20, 1848).

The extensively diffused shells of the animals now designated

Foraminifera have long attracted the attention of zoologists. The

extraordinary abundance of recent species in sea-sands from every

part of the globe, and the vast ancient deposits, especially of tertiary

and cretaceous strata, presenting little more than accumulations of

their fossil remains, caused them to be noticed by many observers at

an early period : but from ignorance of their internal structure, and

more especially of their soft parts, these singular creatures, as is

well known, were handed over to the conchologists, who, up to the

present time have admitted them into their publications, and still

appear to claim them as a part of their own unquestioned domain.

The vague guesses of speculative writers soon assigned to the cal-

careous structures a soft animal having the form of a Cephalopod.
De Montfort, though perplexed by the anomalous forms with which he

had to deal, especially with his
"
genres d'autant plus remarquables,

qu'ils ne presentent point de bouche ou d'ouverture proprement
dite

"
(' Conchyliologie Systematique,' vol. i. p. 15) ventured boldly to

assign to them an internal animal, indulging at the same time in a

multitude of guesses as to the way in which it could keep up a com-

munication with the surrounding medium. Notwithstanding the

worthlessness of these speculations, De Montfort evidently made some

accurate observations, and drew from them important inferences.

Speaking of his Polygenes cribratus, he says,
" individuellement elle

est entierement criblee de pores, qui sont a jour. Organisation tres

digne de remarque, et qui sembleroit permettre le passage a autant

de bras qui, comme ceux des polypes, saisiroient leur proie a

l'instant ou elle s'approcheroit : analogue qui nous conduiroit aux

o2
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animaux constructeurs des coralines. L'etude que nous en avons

faite nous a prouve que ces inollusques etendent, developent plu-
sieurs bras, et que ces bras, malgre leur tenuite, sont armes des

cupules, tout comme ceux des seches, des poulpes et des calmars."

(' Conchyliologie Systematique,' vol. 1. p. 139).
De Montford had evidently obtained a glimpse of the pseudopodia,

but the "
cupules

"
are imaginary. He distinctly denies their having

been internal shells enclosed in the body of a mollusk, though
he considered that they had the power of polishing their external sur-

face, by means of an extensile mantle. A peculiar difficulty to

which I shall afterwards have to allude, had probably attracted his

attention.

M. D'Orbigny, as is well known, afterwards took the opposite view ;

and though not ignorant of many of their peculiarities, he considered

them to be internal shells, surrounded by a cephalopodous mollusk.

M. Dujardin was probably the first to record the exact results

of careful observations on the soft animals. He concluded that the

calcareous shell contained little more than an animated slime, capable
of protruding pseudopodia, but having little or no internal organisa-
tion.

The investigations of M. Ehrenberg have thrown new light upon
the subject. The results, however, are too well known through the

labours of Mr. Weaver, to require much in the way of recapitu-
lation.*

* See Annals and Mag. Nat. Hist. 1841, p. 380. Taylor's
'
Scientific Memoirs,'

vol. iii. p. 319, et seq. 1843. The latter memoir materially modifies some views pro-

mulgated by M. Ehrenberg in the former one, especially with reference to the relation-

ship that existed between the shell and the animal. In the former paper, he concludes

from an examination of his Sorites orbiculus, that these two tissues are identical. In

the latter memoir, however, I find that he has published views on this point, agreeing

with those which I had arrived at from examining some recent Foraminifera which

he had not seen in a living state. For though he does not expressly refer to

the results which he previously obtained from Sorites orbiculus, distinguishing

between them and the conclusions to which he afterwards arrived, he speaks of the

calcareous shell of the animalcule being
" an external envelope like a snail's shell."

(See Taylor's
l
Scientific Memoirs', ut supra, p. 368). The same memoir, I find, also

recognises the permanent oral (?) apertures in the calcareous shell, as the channels

through which the Naviculacea, &c. have found their way into the interior of the cham-

bers instead of through apertures in the skin, which became closed on the contraction

of the latter, as according to his previous views. It was against these that my argu-

ments were directed in two recent memoirs " On the Microscopic Organisms found in

the Mud of the Levant
;

"
(Memoirs of the Lit. and Phil. Soc. of Manchester, vol. 8) ;

and " On the British Species of the geuus Lagena,'' (Annals .Nat. Hist. 1848).
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As most naturalists are now aware, Ehrenberg considers the Fora-

minifera to be Bryozoa, closely allied to the polypiferous Eschara

and Flustrce. An improvement upon preceding classifications, but

one that may perhaps even yet be amended.

No other authors that I am acquainted with, have published any-

thing founded upon personal examination of the soft animals of re-

cent Foraminifera, except what is contained in my two memoirs

already referred to.

Whilst carrying on my investigations, the considei'ate kindness of

my friend J. Gwynn Jeffreys, Esq., of Swansea, afforded me a

valuable opportunity of examining the well-known British Polysto-

mella crispa {Nautilus crispus auctorum), in a recent state. Cruis-

ing off Falmouth, Mr. Jeffreys observed a large Laminaria floating

past him with a stone attached to its roots. This stone was covered

with mipute corallines. His quick and experienced eye soon per-

ceived that amidst the branches of these small corallines, glistened

multitudes of living microscopic atoms, and suspecting that it would

prove a rich haul, he hurried the whole off to me, moistened with sea-

water, and I had the delight of obtaining the animalcules in a fresh

state. I found multitudes of Polystomella crispa, Rosalina globula-

ris, Lagena marginata, and other forms, amongst the mass of resi-

duum. Especially anxious to ascertain how far M. Ehrenberg's most

interesting observations on his Geoponus slella-borealis (obviously

a Polystomella of D'Orbigny) from the Cuxhaven sea, were applicable

to our British species, I hastened to examine my treasures, and "
after

frequently-repeated observations and sections, fractions, sawings, and

grindings,
1'

to use the expressive phraseology of Messrs. Jolie and

Leymerie ("Observations on the Nummulites ;"
*

Comptes Rendus,'Oct.

25, 1847), who evidently understand the vast labour required to ascer-

tain with certainty a few apparently simple points on these matters,

I have succeeded in coming to several conclusions, showing that

Polystomella crispa presents a soft animal of a type that differs from

any that has yet been described.

Speaking of the above-named Geoponus stella-borealis (Ehr.), M.

Ehrenberg says,
"
All the animalcules, even the most developed, of

the two genera Geoponus and Nonionina, are like those of Planulina

and Textilaria, without any prehensile apparatus at the head and

without any circle of feelers around the mouth. Each body is sur-

rounded by the hard shell, has an ordinary simple aperture, and the

numerous adhering bodies of Geoponus, whose social form (polypidora)

resembles surprisingly the individual animals of Nonionina, have just
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as many visible simple apertures. On the other hand, the number of

minute very extensile tentacula which at the same time effect the lo-

comotion, and which project as it were from all parts of the sieve-like

shell, evidently resemble the contractile fringes of the Flustrat, and of

the marine Gasteropods.
1'

(Taylor's
*
Scientific Memoirs,' vol. iii.

p. 342, 1842). And again, "I never observed siliceous Infusoria in

the intestines of Geoponus, but in these associated animals, the space

is certainly closed for each individual, and consequently much more

confined than in the single animals of Nonionina. After dissolving

the shell with acid, where Dujardin found only a body remaining be-

hind in the Rotalia, I was enabled, by a very slow process, to discover

in both, also, a completely spiral, articulated, inner body, the single

articulations of which were connected in Nonionina by one, in Geopo-
nus by eighteen to twenty tubes (siphones) as connecting parts of as

many individual animals, lying close to one another in each articula-

tion." (Idem. p. 348).

M. D'Orbigny, speaking of the Polystomella, says,
" Les Polysto-

melles se distinguent des tous les genres de Nautiloidees par ce ca-

ractere singulier, que les ouvertures du bord de la derniere loge,

reparaissent en fossettes, plus ou moins allongees sur toutes les autres :

les dernieres seulement ouvertes, les autres toutes fermees. II en re-

sulte qu' exterieurement ce genre se distingue de suite par ce grand
nombre de petits excavations transversales, qu' on remarque sur

toutes les especes; ('Voyage dans l'Amerique Meridionale,' tome 5me.

p. 29) ; and in his description of the genus, he also adds,
" Ouvertures

nombreuses, eparses en bordure, ou formant un triangle a la partie

superieure de la derniere loge, et se montrant encore ouvertes

dans les fossettes suturales des dernieres loges." (Idem.)

None of these descriptions apply either to the shell or to the

soft animal of the British Polystomella ; but before making any fur-

ther general observations on this topic, I will state the results of my
examination of our species.

This exquisite microscopic object has long been well known as a

common organism amongst the sands of our shores, especially on the

south and west coasts of the British islands. It is variable in

its form, being sometimes broad and depressed, with the margin so

thin as to be almost carinated ; whilst in others it approaches to

a more spherical form, the keel being thick and rounded. The peri-

phery is sometimes entire ; at others each of the smaller chambers,

especially, has projecting from its anterior angle a small tubercular
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spine, (fig. 1, a). In a still younger state, these are prolonged into

stellate marginal rays (fig. 2, a).

The calcareous shell is divided into a great number of radiating

compartments ;
the line of division being often marked externally by

an elevated ridge. The interior of each chamber is convex pos-

teriorly,* and concave anteriorly ; on the exterior of each of these

subdivisions, the shell is marked by a series of transverse folds or un-

dulations (fig. 1, b, c), the "fossettes" of D'Orbigny, which are very dis-

tinct near the convex septum of the preceding cell, but usually

disappear before reaching the concave margin of the subsequently
formed chamber. The front wall of the last chamber (fig. 1, d)

is nearly smooth
;
the central portion being usually flattened or trun-

cate. Its outer margin exhibits no traces of large oral (?) orifices,

communicating with the interior of the first chamber, but where the

septum is in contact with the preceding convolution, there is an

arched row of very small, and often wholly invisible apertures.

These are usually so indistinct, that I long sought them in vain, and

only from a few specimens obtained satisfactory evidence of their

existence. As already remarked, the periphery of the young or-

ganism, when obtained from deep water, instead of from the water-

worn sands of our beaches, is furnished with a circle of large, radiat-

ing, transparent, calcareous spines ;
those connected with the earliest

formed cells being proportionally the longest (fig. 2, a). Whatever

may be their use, they appear to become less necessary to the economy
of the animal in its matured state, since in the larger and more re-

cently formed segments, they first diminish in size, then degene-
rate into mere tubercles, and ultimately are wholly wanting (fig. \,a).

They are not, however, invariably present, even in the youngest indi-

viduals ; some of the latter occurring not unfrequently with an entire

periphery, which does not present even the slightest vestige of a

spine. In this inconstancy they resemble many other forms of

Foraminifera. The spine is to the single cell of a Polystomella,
what the umbo is to a Lagena and an Entosolemia, or to the mucro

of a Triloculina and a Nodosaria. It is an uncertain characteristic,

which may be present or absent without affecting the integrity of the

species. When by the growth of the organism these species become

enclosed within the cells of the surrounding convolutions, they

* I have used the term "
anterior,'' when referring to the convex external margin

of each cell, and
"

posterior," when to the opposite or concave border.
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are not absorbed, but remain projecting into the cavities of the subse-

quently formed chambers.

After making numerous sections of these shells, I found that what,

externally, constituted the elevated folds or ridges in the transverse

undulations of each segment (fig. 1,6, and 3, a), internally formed cor-

responding grooves (fig. 4, a), shallowed anteriorly, but deepening pos-

teriorly, and before coming in contact with the septum in front of the

antecedent cell (fig. 4, c), each receiving from that septum a small in-

ternal lamella (fig. 4, b), which for a short space converts them into

perfect tubes (fig. 3, c and 4, d). To the left hand of the latter

figure, the section has removed these inner plates and laid open the

tubes. These do not penetrate the septum or form open channels

of communication with the antecedent chamber; their extremities

merely rest against it (fig. 4, e). On breaking into this adjoining
chamber in thin and transparent specimens, and looking at the inner

surface of its anterior septum, the circular outlines of these tubes

may be seen through the hyaline diaphragm, which, however, closes

them in.

On removing the whole of the front and lateral parietes of any one

chamber, we find the positions of the extremities of these tubes repre-
sented on the front of the posterior calcareous septum, where we see

an arched marginal series of circular depressions (fig. 5, a). These

depressions do not appear to have been formed by the excavation

or thinning of the septum ; after a variety of examinations, I have

satisfied myself that each septum separating two cells, consists of

a double calcareous layer,
— the soft inhabitant of each segment

secreting its own share. The depressions appear to be formed by the

absence of the second layer at the points opposite to the termination

of the tubes, where the septum apparently consists only of a single

layer, contributed by the antecedent segment of the animal.

Along the inner margin of each of these internal septa where it ad-

joins the next inner convolution, we find an arched row of apertures

perforating the septum, in the position occupied by those already
alluded to as being occasionally visible in the front of the first

or outermost chamber (fig. 5, b). They are, however, much more dis-

tinct in the former than in the latter.

The microscopic texture of the shell is curious. It appears to be

crowded with myriads of minute foramina, and in addition to this, it

is evidently shagreened
— covered over with small pointed tubercles

(fig. 4,/), which, from the rounded form of their bases, may be easily

mistaken for foramina, when the shell is mounted in Canada balsam,
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and viewed by transmitted light. Where the tubes approach each

septum retrally, we find that this tuberculated structure is very evident,

particularly in the external depressions or
"
fossettes

"
of D'Orbigny,

where the tubercles are very large, (fig. 3, d and 4,f,g)* forming
an irregular row running parallel to the septum. Some authors

appear to have mistaken these for a series of large foramina.

On removing the calcareous shell, by means of hydrochloric acid,

I found that the soft animal body occupying the compartments was

very curious (fig. 6 and 7). The anterior surface of each segment was

convex (fig. 7, a), the posterior concave (fig. 7, b). From the two

lateral margins of each segment there projected, retrally, a row

of small obtuse processes, which, when in situ, obviously occupied
the internal grooves and their terminating tubes (fig. 4, a and d). The
inner arch of perforations (fig. 5, b) was occupied by a series of small

connecting necks, which united the segments one to another (fig. 6, b

and 7, d), and apparently formed exceedingly minute channels of com-

munication between one chamber and another. Sometimes these

tubes appeared to be constricted in the middle, as if half strangulated

in passing through the narrow orifice in the calcareous septum.

This soft animal consisted of a very thin external membrane

filled with a gelatinous matter; being analogous in this respect to

what I had observed in Rosalina and other forms of Foraminifera.
Dried specimens of Polystomellce obtained from the British coast,

have never afforded me any instances of these internal portions

after being de-calcified,
— a few minute shreds constituting all that

was left. From my Falmouth examples, however, I readily ob-

tained them, and found them to be translucent, and of a brownish

colour. On drying the latter, previous to attempting to mount them

in Canada balsam, I found that the evaporation of their contained

fluid led to the total loss of all definite form and outline, leaving
little more than a vague and unmeaning yellowish stain upon the

glass. Scores of attempts only furnished me with one example which

even approached success. This shows the extreme tenuity of the

membrane and the fluid nature of its contents. After trying the same

experiment upon a great number of individuals from near the Island

of Tenedos and the Castles of Europe, in the Dardanelles, I was at last

successful in obtaining a few beautiful specimens, from one of which

the sketch (fig. 6) was taken. In these the membrane was more

* The latter figure, which is drawn from a specimen mounted in Canada balsam,
shows the rounded bases of these tubercles shining through the shell.
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dense than in our English forms, preserving, when dried, its external

contour, as well as being beautifully transparent.

No trace of minute internal organization, such as a specially located

intestinal canal, or ovaries, could be detected in any of these examples.
The external membrane was studded in some of the dried specimens
with a number of minute papillae, of the nature of which I am as yet

in doubt. Neither was I able, in any instance, to discover with cer-

tainty the presence of any foreign bodies in their interior, though some

very minute siliceous organisms were placed in positions indicating

the possibility of their occupying the interior of the segments.

The latter portions varied considerably in their form in different

shells, especially when viewed in their antero-posterior aspects. In

all they were more or less arrow-shaped ; but were sometimes narrow

and elongated, whilst in others they were more obtusely cuneiform.

The lateral processes always projected retrally, but were never in any

degree attached to the segment towards which their free extremities

pointed.

The organism appears to commence its existence by forming one

single spherical cell (fig. 6, c), as in most of the forms of Foraminifera,

however varied may be their subsequent modifications. To this are

gradually added a few more cells, which are linked together by single

intervening necks (fig. 6, d), as is the case with the matured soft ani-

mals of Rolalia, Rosalina, and Nonionina. The cells of Polysto-

mella crispa, however, rarely maintain this simple type beyond the

first few cells. They soon become compressed and arrow-shaped ;

the connecting necks increase in number, and the marginal processes

or cul-de-sacs begin to make their appearance. These latter appen-

dages also become more numerous, until at length the matured seg-

ments exhibit the aspect presented by fig. 7.

These results necessarily lead us to some conclusions which differ

materially from those arrived at by M. Ehrenberg, on the examination

of his Geoponus stella-borealis. In the first place, he conceived that

each chamber of the calcareous shell contained single segments of a

number of distinct animals, packed closely one upon another ; the

continuations of which were to be found prolonged through the other

chambers,
—the different segments of each animal being connected

together by single necks, as in that of a Nonionina, with which

he distinctly compares each individual soft organism ; of these he

imagined he found many in one shell of his Geoponus, which he

regarded as a kind of compound polypidom ; and in the description

of his figures, PI. 5, d, e,f, and g (Taylor's
'

Scientific Memoirs,' vol.
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iii. 1843), he distinctly identifies each process of the soft animal, and
what he regards as the corresponding tube or oral (?) aperture in the

shell, with one individual animal ; each being separate from the nu-

merous others which he conceives are laid side by side with itr

throughout the several compartments.
In our species, the articulation of the soft animal contained in each

chamber is one integral segment, to which other similar ones, occu-

pying the remaining chambers, are conjoined, combining to constitute

one perfect animal. These segments are connected together by one

row of necks in the very young state, and by several in the outer and
more developed portions.

M. Ehrenberg considers that in his Geoponus, the tubes constitut-

ing both the outer and inner arches (fig. 5) are of the same nature ;

and that they alike perforate the septa, dividing the chambers from

one another, and that prolongations of the soft animal pass through all

these, forming necks, which intimately link together the soft contents

of adjoining compartments.
In P. crispa, on the other hand, we have two classes of tubes, dif-

fering in their structure, and most probably in their function also. The
outer ones do not pass through the septa, but are separated from the

soft contents of the antecedent chamber by the calcareous film which

formed its anterior wall or boundary, previous to other chambers being
built up against it. Consequently the corresponding processes of the

soft animal (fig. 6, a and 7, c) are not tubular connecting necks, or

open channels of communication, but cul-de-sacs.

Supposing M. Ehrenberg's drawings and observations to have been

accurately made, there is clearly a wide difference between his forms

of Polystomella, and those of which P. crispa is a type ;
I have

now examined many from various parts of the globe, and have found

them all to assume the same general aspect and contour as that

already described, the modifications merely affecting the relative size

of the lateral processes, or the number of the connecting necks.

In sea-sand obtained from various beaches, ranging from Torquay
to the Western Isles, as well as from the north-eastern corner of the

Mediterranean, there is found in some degree of abundance a small

but elegant Polystomella. The same species exists in considerable

quantities in the ancient deposit of foraminiferous sand, extending
under the fens of Norfolk and Cambridge. On mounting these in

Canada balsam, according to the method adopted by M. Ehrenberg,
I was at once struck with, the close resemblance of this widely
diffused species to his drawings of Geoponus stella-borealis. When
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viewed by transmitted light, this resemblance was most complete.
There were the same apparent siphons or lateral communications

passing from the chamber, and for a little time I felt disposed in

this instance to adopt his views. There were also, what he conceived

to be the
" bands of aggregated large apertures near the septa of the

chambers (see his Plate 5, fig. a, d, Taylor's
'
Scientific Memoirs,'

vol. iii.), and the " numerous small apertures over the entire surface of

the shell." No one dissimilar feature existed.

After a more elaborate examination, however, I ultimately became

satisfied that the structure of these specimens was similar to that of

P. crispa. When viewed as a transparent object, the lateral tubes ap-

peared almost to project from the posterior or concave side of each

septum and to be prolonged far into the cavity of the antecedent

chamber. It became evident, however, that the visible line of the sep-

tum was merely that of the projecting central portion, which was very
much in advance of the lateral sutures, where the walls of one chamber

are attached to those of its antecedent ; but since in the latter part,

there are on each side two nearly horizontal and parallel layers, no

distinct shadow is found
; whilst in the projecting centre, where the

septum assumes a direction vertical to the stage of the microscope, the

light is intercepted, and a distinct outline rendered visible
;
the tubes,

which, in this species are very much shorter than in P. crispa, appear-

ing of course posterior to this outline, and seeming to be chiefly in

and belonging to the cell behind it.

Specimens, however, frequently occur in which fractures extend

across the first cell, reaching the true lateral junction with the second

chamber, and exposing, without injuring, the anterior wall of the latter.

These fractures traverse the dark line constituting the apparent septum,

and reach the posterior extremity of the longest of the tubes, showing
most distinctly that the latter terminate, as in P. crispa, with the pos-

terior boundary of the cell or chamber to which they belong. The

same species also satisfied me that what in M. Ehrenberg's specimens,

he considered to be bands of larger foramina ranged along the lines of

the sinuses, are in my forms, tubercular elevations on the exterior of

the calcareous shell, such as 1 have already mentioned as existing

in the corresponding portions of P. crispa (fig. 4,<7).

Though I would speak with the greatest diffidence, not having seen

M. Ehrenberg's specimens, I cannot help suspecting that his Geopo-

nus stella-borealis is our widely-diffused little' Polystomella,
— and

that the illustrious Prussian has, on this point, been inadvertently led

into some errors by his favourite plan of mounting his objects in
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Canada balsam, and looking through them instead of also looking

at them
; or, in other words, that he has trusted to observations

made whilst viewing them as transparent rather than as opaque ob-

jects. I am well aware, from long experience, of the value of the

former plan as an adjunct; it enables the observer to elicit many
important points which would otherwise probably escape notice ;

but

on the whole, the latter mode is even still more indispensable in inves-

tigating the contours of the Foraminifera.

M. Ehrenberg appears to me to have seen some of the internal con-

necting necks, and to have confounded these with the external mar-

ginal rows of processes, supposing them to have been identical in their

nature and functions.

I am confirmed in these views by several points in his drawings,

especially by his outlines of the front aspects of the Geoponus and of

a Nonionina (see his Plate 5, fig. 2, a, a, and Plate 6, fig. 1, d). In

the former he has represented a series of square marginal oral (?)

apertures, where I suspect that none have existed
; and in the latter

the one corresponding aperture is omitted, Whereas in Nonionina it

is very large and conspicuous. These facts, combined with the vague-
ness of the outline, so different from the elaborate finish of the other

drawings, leads me to suppose it possible that these two may not be

actual representations, but theoretical sketches,
—and that, were his

specimens examined under good English achromatic instruments, they
would be found to belong to the same type as those described in the

preceding pages.

An important question now arises, viz., how are Polystomella; sup-

plied with nutriment ?

I have already remarked that I found no definite traces of foreign

bodies, such as the frustules of Diatomace<e, &c, in the interior of the

chambers ;
and the same negative fact was observed by M. Ehrenberg

in his Geoponus. These substances are very common in Rotalia

Beccarii, the various species of Rosalince, and other species which

have large oral (?) apertures. Their absence from the Polystomella

may be occasioned by the smallness and half-closed character of the

same apertures in front of the first cell. These apertures may be

sufficiently large to admit such food as these simple textures may re- i>u*£***<>

quire, and which may be conveyed from cell to cell by means of the

narrow necks.

In addition to this, the fact of the calcareous shell being perforated

by a multitude of minute foramina, shows that, as in M. Ehrenberg's

species, and as is most probably the case in all the Foraminifera ,
the
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P. criipa has protruded minute filamentous pseudopodia. May not

these, in addition to their functions as organs of locomotion, also

have the power of absorbing a supply of nutritive fluid ? Dr. Car-

penter states,
"
that in the Actinia fluid seems to enter and to be

ejected, not only through the mouth, but through the tentacula also ;"—
(* Principles of General and Comparative Physiology,' p. 117). If

this be done by one of the more highly organized polypes, it is not

improbable that, amongst the Foraminifera, the pseudopodia
—which

appear to take the place of the tentacula in the higher class of organ-

isms—may also assume this function of absorption. The lower we

descend in the animal scale, the more do we find the objects nourished

by this process of exosmose and endosmose.

It is probable that the innermost convolutions may have the power
ofprotruding pseudopodia, as well as the external ones ; for though the

calcareous portion of each of the latter completely embraces and en-

closes the former, the soft animal, as will be seen on referring to fig. 6,

does not so completely cover in its own smaller whorls. But whilst in

the decalcified animal we have a sort of umbilical cavity, in the calca-

reous shell this depression is filled up by a solid mass of carbonate of

lime, into which the decalcified animal does not extend, but which

nevertheless is apparently thickened by each additional convolution

added on the growth of the shell ; so that what in the one is the

thinnest, in the other becomes actually the thickest part of the or-

ganism. But, as if to compensate for this, the surface of this central

calcareous nucleus is pitted by small but deep depressions, which

may be designed to facilitate the exit of pseudopodia from the inner-

most convolutions. This peculiar structure probably explains Ehren-

berg's observations on his Cuxhaven specimens, when he found that

the filaments were projected from the umbilical region in bundles, and

he suggests that there may exist at that point distinct and larger

apertures. Tt is however more probable, since no such large apertures

are visible, that this aggregation of the pseudopodia into bundles, at

the umbilical region, may have been occasioned by these depressions

in the calcareous substance. Similar depressions exist in the little

species which I suppose to be analogous to his Geoponus stella-bo-

realis.

Another curious question arises out of this latter point. Since the

external convolutions of the soft animal do not extend into this calca-

reous nucleus which covers up the central cells,
—and yet each addi-

tional convolution contributes externally to its thickness,
—from what

part of the organism are these calcareous additions to the central por-
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tion derived ? We can comprehend each segment secreting, and

surrounding itself with, a layer of calcareous matter
;
but how is the

exterior of this nucleus reached ? In the Testacea such a point might
be accomplished by a voluntary extension of its mantle by the mol-

lusk. In the present instance, 1 would suggest as possible, seeing that

we have no such mantle capable of extension, that the central nucleus

of lime may have been thickened, through the instrumentality of the

pseudopodia which appear to penetrate it from the inner convolutions,

and which, if this explanation prove to be correct, will thus possess an

additional function to those already noticed. This, however, is a mere

suggestion, arising from the difficulty of accounting for the appearance.
The only other explanation which appears plausible, is, that the

newly-forming segment, before enclosing itself in its calcareous cell,

extends itself over the central nucleus, and then, gradually receding
to what constitutes its permanent limits, leaves a calcareous layer be-

hind it. The former idea however appears to me the most plausible

one. De Montfort, in suggesting the existence of an extensile man-

tle capable of polishing the outer surface, had doubtless seen the dif-

ficulty of comprehending how the internal animal was to reach the

exterior of the shell. The structure above described is most evident

in the beautifully polished specimens which abound in the Mediter-

ranean, and with which he was doubtless well acquainted. The true

use of the rows of marginal processes (figs. 6, «
,
and 7, c) it is not

easy to determine. The fact that each of their truncated extremities

appears to come into direct contact with the foraminated wall bound-

ing the preceding cell—the septum at that point seemingly consisting

of a single calcareous layer, instead of a double one, as is the case

with it elsewhere— rather indicates the probability of some indirect

communication being kept up, through their means, between conti-

guous cells. This might be accomplished through the ordinary fo-

ramina already described, without necessitating any direct continuity
or attachment of the one to the other ; it is scarcely to be supposed
that they have not some other nature than that of being mere saccu-

lated appendages to the general digestive cavity ; this, however, is a

question for further investigation. I have seen nothing resembling
either ova within the chambers, or the supposed petiolated egg-sacs
of Ehrenberg attached to the exterior of Polystomella crispa. Ova
of some kind must exist ; and in the interior of some forms of Rota-

lia and Rosalina I occasionally find small bodies amazingly like

spores, but I have found none in any species of Polystomella.

The new cells appear to be most probably added by gemmiparous
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germination through the inner arch of small apertures : they are

usually of a paler and more transparent aspect than those of older

growth ;
but I have never yet seen any in process of formation.

Sometimes| the cells continue gradually to increase in size with sym-
metrical uniformity, when suddenly one of them is found to have been

arrested in its development, not attaining to more than half its proper
dimensions ;

and the new ones subsequently added are regulated in

their increase of size, not by those which had previously attained to

their full development, but by the one which has been so stunted,
—

from the contracted form of which the cells again continue to grow
and increase in regular order

; only being thrown back, as regards
their size, by almost an entire convolution. This shows that the

budding, if such it be, takes place from the part of the septum nearest

the centre, and most probably through the small oral orifices,
—the

formation of the calcareous covering being the result of a process
which goes on subsequently to the development of the soft tissues

intended to constitute the future articulation.

It is scarcely necessary to add that the preceding details also show

the inapplicability of the generic character of Polystomella, as given by
M. D'Orbigny, to the subject of this memoir. It is only when one or

more of the outermost chambers is broken away, exposing to view the

front of one of the internal septa, that we find anything agreeing, even

in appearance, with his description : it is certain that the "fossettes"

have no sort of connexion with the true oral (?) orifices.

In an early portion of this memoir I alluded to the possibility of

effecting some improvement as to the relative position in the scale of

animal organisms which M. Ehrenberg thinks the Foraminifera

ought to occupy. In the communication which he laid before the

Berlin Academy in 1838, he came to the conclusion that they ought
to be classed with the moss-corals {Bryozoa ?), and the '

Philosophical

Magazine' for 1841 contains his new classification of the Bryozoa,
in which they are included, being only separated from the highly-

organized cilio-brachiate Bowerbankia and their allies by his order

Gymnocorce, containing the genera Cristatella and Zoobotryon. In

his memoir read to the Academy in January, 1840, after he had made
additional observations on his specimens from Cuxhaven, he says,
" The other characters already communicated to the Academy in 1838,

together with the position in the natural kingdom there given, are only
confirmed and established by these subsequent observations."—
(Taylor's

'
Scientific Memoirs,' vol. iii. p. 344, 1842).

This classification is of course a great improvement upon those of
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M. D'Orbigny and the conchologists, as it has entirely separated the

Foraminifera from a group with which they had no manner of affi-

nity, and brought them down to a much lower position in the zoolo-

gical scale.

At the same time we must remember that the objects hitherto

comprehended by naturalists in the group of Bryozoa are all possessed
of a comparatively high organization. We find in nearly all of them

a well-marked cilio-brachiate polype, having a limited number of lo-

calized tentacula, and a digestive cavity furnished with two orifices,

serving as mouth and anus : the only exception to this regular form

of the polype with which I am acquainted is that of the Cristella-

ria, in which the general contour is somewhat different, especially as

regards the number and arrangement of its tentacula : but even these

are ciliated, and the digestive cavity is furnished with two distinct

orifices.
'

Professor Rymer Jones observes,
" that the existence of

ciliae upon the tentacula would seem to be characteristic of the Bryo-

zoa, and is invariably accompanied, as far as our information extends

at present, with a digestive apparatus of far more complex structure

than what we have seen in the unciliated polypes ; for in the class

before us, beside the stomach, we find a distinct intestinal tube and

anal outlet."—(' General Outline of the Animal Kingdom,' by T.

Rymer Jones, F.L.S., p. 108, 1841). Milne-Edwards also, whose re-

searches amongst the Bryozoa have so justly rendered him an au-

thority on this subject, briefly characterizes his Polypes Bryozoaires
as "

ayant un bouche et un anus distincts."— (' Elemens de Zoologie.')

Even could 1 be satisfied with the applicability, in any instance, of M.

Ehrenberg's opinion, which assigns to some of the Foraminifera a

localized intestinal canal, within the general sacculated cavity of the

organism, still the great Prussian has not attempted to show the pre-

sence of either ciliated tentacula or of orifices which could have as-

signed to them the separate functions of mouth and anus ; both of

which classes of appendages must be demonstrated to exist ere the

Foraminifera can be satisfactorily ranked with the true Bryozoa.
But even in the Rotalina and Rosalince, where the frequent presence

of foreign bodies in their interior indicates the existence of a digestive

apparatus, there appears to be no portion of the organism specially

set apart for the performance of the functions of an intestinal canal ;

but the whole interior of the creature, including every articulation,

appears to be one common digestive organ, as in the Anwebce and

many other Infusoria. In the Polystomellce I have not hitherto been

able positively to prove even thus much ;
for the only evidence of its

TRANS. MIC. SOC. VOL. II. P
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presence in other genera is obtained from the occurrence of foreign
bodies within their articulations, and which have not been satisfacto-

rily seen in the subject of this memoir. Hence the existence of the

internal digestive cavity at all is rather admitted, from the general

analogy which the Polystomella bears to other forms in which I have

proved its presence. We find indeed little more than an animated

slime, which, when dried, shrinks away—like some of the Acephalce
—

to almost nothing ; sometimes scarcely staining the glass upon which

it is attempted to be preserved. Neither can this species be satisfac-

torily classed with any of the less complex forms of Polypi/era ; for

even the "
Sertulariens

"
of Milne-Edwards, the simplest groups

of his
"
Polypes Anthozoares" are described as "

ayant un ouverture

servant en meme temps de bouche et d'anus :

" and this is surrounded

by a ring of tentacula. All these characters, which are also commonly
recognized by other zoologists, are incompatible with the simple or-

ganization of the soft animal of the Polystomella crispa. It is per-

fectly true that in Peneroplis, and many other allied genera, we find

numerous apertures, which, for want of a better name, are termed
"

oral," but these exhibit little affinity to the single central mouth and

encircling tentacula of the true polypes. The orifices in the calca-

reous shell of the Foraminifera are probably move analogous to the

minute tubular openings in some of the Porifera ;
and though often

numerous in one individual, there is no possibility of dividing them

into two groups, assigning to the one the special functions of a mouth,
and to the other that of an excretory outlet.

The rapid extension of physiological investigations shows, with in-

creasing clearness, the impossibility of producing any satisfactory

linear arrangement of organized structures ; and in the objects under

consideration this difficulty is especially manifest. In the low organi-

zation of their gelatinous tissues, we are reminded of the slimy forms

of the Pmifera on the one hand and the Difflugia on the other ; only
the horny skeleton and the triradiate calcareous spicula of the sponge
are here exchanged for an external calcareous skeleton and an elastic

lining membrane. But the existence of a decided internal digestive

cavity, together with their well-defined retractile pseudopodia, give

the Foraminifera a claim to a higher rank than is held by any known

Porifera. The extension of the stomach, if such the gelatinous ca-

vity may be called, throughout the organism, reminds us again of the

Am<eb<B, as well as the simpler species of Hydraform polypes, whilst

many of the lower Acephala present an analogous watery gelatinous

structure, numerous retractile filamentous organs of locomotion, and
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a somewhat similar extension of the digestive apparatus into all the

parts of the animal. Professor Rymer Jones has already pointed out

how one connexion appears to be established between the Polypi/era
and the Infusoria, through the Bowerbankice on the one hand and the

Rotifera on the other. May not the Foraminifera constitute another

of these inosculating links, alike approaching the Port/era through
the calcareous sponges, the Infusoria through the Amabce, the Poly-

pifera through the Cristallarice and the Acephalee, whilst in any linear

arrangement they might be placed immediately above the Porifera ?

It may be necessary to vindicate my consistency by observing that

my opinions on this subject have been modified since I published the

preceding memoirs, already referred to, when I was more disposed to

admire the classification of M. Ehrenberg, or rather was slow at be-

lieving that he could be in error. Further investigation, however, has

led me to adopt the views which I now venture to propound ; believ-

ing them to be more in accordance with the phenomena presented by
the highly interesting objects to which they are applied. So little

has hitherto been done in this department, which offers a wide field

for observation on the part of those who live in a more favourable lo-

cality, that this memoir, as well as any other, must as yet be regarded

only as an attempt to contribute something towards directing the in-

quiry into the right channel. It will but be after similar investiga-

tions are extensively multiplied, that general views can be permanently

adopted with safety ;
shice such peculiar forms of Foraminifera as

Orbiculina, Amphistegina, and similar complex structures, only found

in remote parts of the ocean, and which, consequently, have not yet

been examined in the living state properly, if at all, cannot fail—when

their soft structures are carefully investigated
—to present highly in-

teresting and novel results, and which might lead to the overthrow of

all generalizations previously deduced from limited data.
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Postscript, February, 1849.

Since the preceding memoir was placed in the hands of the Secretary of the

Microscopical Society, I have had the opportunity of perusing M. D'Orhigny's new

work 'Sur les Foraminiferes Fossiles du Bassin Tertiare de Vienne.' In the early

pages of this volume he emhodies the more recent views that have been promulgated

respecting the nature of the Foraminifera, but without any acknowledgement of the

labours of those whose discoveries have led to the abandonment of his original idea

that the Foraminifera were cephalopodous animals. He has arrived at several con-

clusions, which are in accordance with my own results. He holds that they are not

aggregate creatures : he recognizes the power of the pseudopodia to secrete the calca-

reous covering,
— the universally rounded form of the primordial segment of the soft

animal,
—the inability of a segment once formed to increase its dimensions,—the ab-

sence of evidence as to the existence of a special intestinal canal, or organs of repro-

duction, and the power of the pseudopodia to absorb nourishment: all these being

conclusions to which I have arrived in the preceding memoir, from independent evi-

dence. As to their zoological position we differ considerably. He concludes that they

ought to be arranged as an independent class, between the Polypifera and the

Echinodermata; an opinion with which, from the reasons enumerated in the preceding

pages, I cannot concur. His definition of the generic characters of Polystomella, is

still the same as that which I have quoted in page 162, scarcely a letter being altered,

and consequently, as inapplicable as its predecessors to the real types of the genus.
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EXPLANATION OF PLATE XXVIII.

Fig. 1. Polystomella crispa ; magnified 70 diameters, its ordinary size being about ^
of an inch.

a. Small dorsal spines.

b. Externally depressed spaces, the
"

fossettes
" of M. D'Orbigny.

c. Elevated folds, corresponding with internal grooves and their terminating

tubes.

d. Front septum closing in the first chamber.

e. Row of oral (?) orifices, usually very indistinct, and often invisible.

/. Septa, separating the chambers.

Fig. 2. Young state of the same, magnified 70 diameters.

a. Translucent calcareous dorsal spines.

Fig. 3. Outer surface of part of the external wall of one chamber, exhibiting a sec-

tion parallel with, and near to the posterior septum; magnified 400

diameters.

a. Elevated folds, corresponding with the internal grooves.

b. Depressed spaces or fossettes.

c. Tubular extremities of the internal grooves.

d. Minute calcareous tubercles, shagreening the exterior of the shell.

e. Internal plates, converting the grooves into tubes, posteriorly.

Fig. 4. Portion of the external walls of two cells, viewed from the interior ; magni-
fied 400 diameters.

a. Grooves corresponding to the elevated folds, fig* 1, c and 2 a, becoming
converted into tubes at d by the addition of the internal lamina, b.

c. Part of the septum separating the cells.

e. Patulous extremities of the tubes, as seen in a transparent specimen,

through the septum.

/. External tubercles, seen where the section has cut through the deep por-

tions of the fossettes.

g. The bases of the larger tubercles in front of each septum, as seen through
a transparent specimen.

h. Minute foramina crowding the calcareous shell.

Fig. 5. Front view of an internal septum, the lateral parietes of the subsequent cell

being removed.

a. Outer arch of depressions (not perforations) marking the position of the

extremities of the external tubes.

b. Inner arch of small oral (?) apertures, along the line of junction with the

succeeding convolution, communicating between adjoining chambers,
and transmitting the connecting necks of the soft animal.

Fig. 6. Soft animal of Polystomella crispa, as seen after the calcareous shell has been

removed by the action of hydrochloric acid. The segments are drawn a

little further apart than is natural, in order to show their structure.
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«. Retral processes, occupying, .when in situ, the grooves, and especially their

terminating tubes.

b. Connecting necks, joining together the contiguous segments, and, when in

situ, occupying the oral (P) apertures (fig. 5, b).

e. Primordial globular cell.

d. Young and partly spherical cells, connected together as in a matured Ro-

talina or Nonionina, by single necks.

Fig. 7. Oblique postero-lateral view of two segments (magnified 160 diameters) of

the soft animal.

a. Anterior convex surface of the segment
b. Posterior concave surface of the segment.
c. Lateral retral processes, corresponding to fig. 6, a.

d. Connecting necks, arising from the inner margin of each segment and

attaching adjoining ones together.
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EXPLANATION OF PLATE XXV.

Fig. 1. A magnified view of a whole small specimen of Notamia bursaria.

Fig. 2. a. Front view of a portion of a branch.

b. Back view of the same.

Fig. 3. Front view of the initial portion of the stem. c,c". Initial cells. d,d'!. Pri-

mary cells.

b. Back view of the same.

Fig. 4. Enlarged view of polype cell and tobacco-pipe process or cup.

a. Retractor muscles of polype.

b,b f
b. Extrusor muscles ?

c. Cup, shewing the muscles by which the beak is elevated and depressed, and

indistinctly a hollow viscus contained in the cup.

d. Front view of the beak of the cup. The spot in the centre is the point of

attachment of the depressor muscles.

Fig. 5. a, b. Diagrams to show how the branches are constituted of two series of cells,

each of which has a cup or pair of cups at the bottom of the series.

Fig. 6. A diagram to explain the mode of derivation of each series from one or other

of the primary cells.
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From the time of De Graaf, Ruysch, Lieberkuhn and other cele-

brated anatomists, the art of injecting the minute blood-vessels of

animals and of the human subject with mercury, and with coloured

fluids by means of a syringe, has been much practised both in this

country and abroad, and the science of Anatomy has been wonder-

fully advanced by its use.

The first anatomist who appears to have applied the syringe to the

filling of the blood-vessels was Regnerus de Graaf, a Doctor of Me-

dicine, who lived about the middle of the seventeenth century ; an

engraving and full description of the syringe used by him was pub-
lished in the year 1667, in a small treatise, entitled ' Tractatulus de

usu Syphonis in Anatomia.' Some authors claim the credit of the

invention for Swammerdam, who is said to have first employed it in

1667. The fluids used by De Graaf were by him termed tinctures,

and were coloured with copper, or with the juices of the leaves of

violets or roses, or a solution of gamboge and indigo. He does not

state whether the vessels so filled were dried and preserved, the chief

object he desired being to trace more readily the different ramifica-

TRANS. MIC. SOC. VOL. III. B



tions of the vessels. Since the time of De Graaf, however, various

other substances have been used, and amongst the chief of these may
be mentioned, injections of wax, tallow, varnish and size, with some

colouring agent diffused through them; these are injected whilst hot,

and when allowed to cool become so firm, that, with the exception of

those of size, the individual vessels may be dissected away from the

various tissues and organs to which they are distributed, and when

perfectly dried and well varnished such preparations will keep for

many years. From the circumstance of wax, tallow, and varnish re-

quiring a high temperature to keep them fluid, unless the tempera-
ture of the part injected be also very high, at least above the melting

point of the materials used, the fluid injected will not run into the

most minute vessels, hence none but those easily discernible by the

naked eye will be filled ; this has been found inconvenient, and other

fluids, such as size and isinglass, which melt at a very low tempera-

rature, and get solid on cooling, have been substituted; these will

fill other vessels so minute that the microscope is required to disco-

ver their wonderful ramifications ; and of all the important discove-

ries made by means of the microscope, perhaps the nature of the

capillaries, and the capillary circulation, are the most highly to be

esteemed, for it is to this instrument that we owe the proof of the

correctness of the doctrine taught by the immortal Harvey, that the

blood really circulates in the arteries and veins ; though Harvey
himself never witnessed the circulation, he argued, from the structure

and arrangement of the valves in the heart and in the veins, that the

blood must flow from the heart through the arteries to the veins, and

from the veins back to the heart again, yet he knew nothing of the

connecting vessels or capillaries. We are indebted for all that is

now known of them to the microscope, and to the art of injection.

It was left for Malpighi to make the discovery of the capillary circu-

lation, and he, we are told, first noticed it in 1G61, by the microscopic
examination of the distended urinary, or allantoid bladder of a frog.

Since then, the discovery of Malpighi has been confirmed by nume-

rous other observers. Anatomists have been led to divide injections

into the coarse and the fine, the coarse being used when the mode of

distribution of the large arteries and veins is required for examina-

tion, the fine when an intermediate system of vessels between or

connecting the arteries and veins, termed capillaries, is to be in-

vestigated ; the coarse injections are sufiicient for the unassisted

sight, the fine for microscopic investigation. Lieberkuhn appears to

have been the first to apply the microscope to injections. Many of
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the injections of this celebrated man are still extant, and a few

microscopists in this country are fortunate possessors of some of

his beautiful preparations.

The older anatomists, we are told,* with Haller at their head,

adopted a notion that arteries terminated in one of five ways: 1st, by

openings on the surface of membranes ; 2nd, in lymphatics ; 3rd, in

secreting canals ; 4th, in fat ; 5th, in veins. In those times the se-

cretion of mucus and fat could not be understood, without presup-

posing the existence of open extremities. This view of the subject

was strongly opposed by Mascagni, Prochaska, Soemmering, Hunter

and others, but there still remained a doubt whether there were not

some communication between the blood-vessels and the secreting

canals of the glands. In more modern times, the structure of the

secreting glands has been studied by Miiller and other physiologists

in process of development in the embrj^o, and the secreting canals of

the glands have also been injected, and no such communications

have been found to exist, the radicles of the secreting canals being

always closed at their radicle extremity.

Anatomists now, with one consent, agree that in all organic tex-

tures, the transmission of the blood from the minute branches of the

arteries to the minute veins, is generally effected by the capillary net-

work, between the meshes of which the proper substance of the organ
lies ; this structure is commonly termed parenchyma, and speaking
of it as a tissue, it is termed parenchymatous tissue ; thus, for in-

stance, in a specimen of injected lung or kidney, or in a villus from

the intestine, the parts not occupied by blood-vessels constitute

the true parenchymatous tissue of the organ. All microscopists are

familiar with the circulation in the foot of the frog, and the tail of

the newt
; this is, for the most part, the capillary circulation. The

ramifications of the minute arteries form repeated anastomoses with

each other, and these anastomoses terminate at last in a continuous

net-work, from which the small branches of the veins take their rise.

The point at which the arteries terminate and the minute veins

commence, cannot be exactly defined ; the transition is gradual, but

the intermediate net-work is so far peculiar, that the small vessels

which compose it maintain nearly the same size throughout ; they do

not diminish in diameter in one direction, like arteries and veins,

hence the term capillary, from capillus, a hair.

The size of the capillaries is proportioned in all animals to that

* Miiller's Physiology, translated by Baly, vol. i. p. 227.



of the blood corpuscles ; thus amongst the Reptilia, where the blood-

corpuscles are the largest, the capillaries are also the largest, but it

does not follow that they should be always of the same size in all the

tissues of one and the same animal, for if we examine and carefully

measure in the human subject their sizes in different tissues, we shall

find that they vary greatly even in individual tissues, and at a rough

estimate, examples may occur as large as a thousandth, whilst others

are as small as the four-thousandth or five-thousandth of an inch.

They should be measured if possible in their natural state ; when in-

jected, their size is slightly increased, but when dried they diminish

so considerably, that in some specimens vessels imperfectly filled with

injection have been known to shrink from the three-thousandth to the

twenty-thousandth of an inch.

In foetal animals, having the blood corpuscles larger than those in

the adult state, the capillaries also are larger.

Capillaries are, with very few exceptions, always supported by an

areolar net-work, which serves not only as an investment to them,

but connects them intimately with the tissues they are destined to

supply.

Having said thus much of the nature of the capillaries, we will

now proceed to consider those points which are the more immediate

objects of this paper ; viz., the distribution of the capillary system in

the respiratory organs of Fishes.

In the majority of osseous fishes there are four gills on each side,

supported by long curved branchial arches. Each gill consists either

of a single or a double series of lancet-shaped laminae attached to

the branchial arch, something like the teeth to the back of a comb.

When there is only one series of laminae, the gill is termed uniserial,

but when two, biserial. The branchial arches in osseous fishes are

more or less bony, and from the lower convex surface are given off

in uniserial gills one, in biserial two, elastic, more or less round fila-

ments, which form the outer support or framework of the laminae ;

and if the mucous membrane and all the soft parts be removed, it

will be found that in many fishes a series of more minute filaments

are given off at right-angles from the inner side of the larger one,

each of these smaller filaments serving not only to support the

laminae, but each one performing the same office to the outer margin
of the folds of mucous membrane on the laminae, as the larger fila-

ment does to the lamina itself; this skeleton of the lamina resem-

bles in every respect a small comb. Upon this framework we have

a fibrous or areolar tissue, which not only invests the little teeth, but



fills up all the interspaces between them, and over this are situated

the plicae or transverse folds of the respiratory mucous membrane,

which, in some of the large fishes are upwards of a thousand in number,

the outer margin of each fold, as before stated, being supported by a

process of the outer filament of the lamina. In Plate I. fig. 1, is

shown one of the laminae from the eel, and in fig. 1 a, are seen both

the outer filament, and the plicae of the mucous membrane, each

supported by a process from the large filament. The filaments

have by some authors been described as bony, but even in the salmon

and eel they contain no ossific matter, being composed of a cellular

structure, somewhat of the nature of cartilage or newly-developed

horn ; the outer margin is made up of small circular cells arranged
in rows at right angles to the length of the filaments, whilst on the

inner surface the cells are of an elongated oval figure, and arranged
in lines parallel to the length of the filament.

The arteries termed branchial, which bring the impure blood to

the gills, run along the convex border of the branchial arch, and

opposite each pair of laminae, divide into two or more branches,

which run along the outer thick margin of the lamina to its extre-

mity, and in their course give off two transverse branches, one for

every fold of mucous membrane of the two flat or opposed surfaces

of the laminae ; in these folds the artery breaks up into a net-work of

most wonderfully minute capillaries ;
the branchial vein begins in

these capillaries, and the entire series unite into transverse branches,

from which large venous trunks are formed : these run along the

inner or attached edges of the laminae, as shown in Plate I. figs. 3

and 3 a, there being branchial arteries on one margin and branchial

veins on the other, and between the two the net-work of capillaries

shown in figs. 1 a, 2 a, &c.

The osseous fishes in which the gills have been more particularly

examined, are the salmon, wolf-fish (Anarrhicus) and eel, of the latter

the river eel requires special mention. Three of the lancet-shaped

lamellae of this fish are represented in different positions in Plate I.

figs 1, 2, 3, as seen under a magnifying power of twenty diameters ;

portions of the same magnified a hundred diameters, are represented

at figs. 1 a, 2 a, 3 a ; the first three figures serve to show the lateral

lamellae and plications of the mucous membrane, whilst the last three

exhibit very plainly the beautiful net-work of the pulmonary capil-

laries, distributed upon it
;
these are of nearly uniform size (T7yi^)

in diameter, and the interspaces of the net-work much smaller

than the diameter of the capillaries themselves, but still so cha-
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racteristic of a respiratory raucous membrane, that a practised eye
would immediately discern their true office.

In the cartilaginous fishes, the arrangement of the gills presents

many varieties ; those only to be described here occur in the rays
and lampreys ; in the former, the branchial arches are composed of

soft cartilage, and do not hang loose in the branchial chamber as in

most osseous fishes, but are attached by both extremities, so that the

chamber is divided into five compartments distinct from each other,

each having an orifice on the external surface of the body. The
branchial lamellae are given off from the arches in the form of folds,

parallel to each other and continuous with the mucous membrane ;

in the first four cavities there are two gills, one on the anterior and

the other on the posterior surface of the arch, but in the last cavity

there is only one gill, and that on the anterior part of the arch.

In the lampreys there are no branchial arches, but seven branchial

cavities or pouches, perfectly distinct from each other, each of which

has two openings, one communicating with the pharynx, and the

other situated on the external surface of the body ; the interior of

each chamber is lined with the branchial mucous membrane, which

is plicated transversely, in the same way as it is on the laminae of the

osseous fishes, and each fold has its characteristic net-work of capil-

laries. In the river lamprey {Petromyzon fluviatilis), the capillaries

are quite as small, if not smaller, than in an eel of the same size, but

it is in P. marinus, and more especially in the rays, that the most

largely developed net-work is found ; in these latter, the blood cor-

puscles are also of larger size than in other fishes. Portions of one

of the laminae from P. marinus are represented as seen under a power
of twenty diameters, at fig. 4, and under that of fifty at fig. 4 a, and

similar specimens from the ray, in figs. 5 and 5 a ; these, although

only magnified to one-half of the extent of those of the eel, exhibit

the capillaries, nevertheless, much more plainly.

Of all the fish in which I have been able to inject the capillary plexus

satisfactorily, the eel exhibits the smallest vessels ; in an eel about

twelve inches in length, the laminae were on an average not much
more than one-quarter of an inch long, and on each lamina I was

able to count upwards of eighty plicae, each having a plexus of capilla-

ries so minute, that a good defining power of fifty diameters was re-

quired to make them out, and one of a hundred diameters to show

them satisfactorily, the diameter of a single capillary being the

four-thousandth of an inch, so that it becomes a question whether

vessels so small as these were ever seen by the early microscopists.



In the rays and lampreys, the capillaries being so very much larger,

^-jVs- m diameter on an average, can of course be more readily

distinguished, but even these require a good microscope for their

due exhibition; which may account in a great measure for the

silence, on this point of anatomy, of all the authors whom I have

consulted on the subject of the circulation in the respiratory organs

of fishes. To fill up a certain portion of this hiatus, and to show

how wonderfully minute are these capillaries, and yet in their ar-

rangement so characteristic of the vessels performing a similar office

in the higher orders of animals, this paper has been brought before

the Society on the present occasion.



EXPLANATION OF PLATE I.

Fig. 1 . A branchial lamina of a common eel, showing the concave edge along which

the branchial vein runs, and ihe small transverse plica; or folds of the

mucous membrane.

Fig. 1 a. A portion of the same more highly magnified, to show the capillary plexus

upon the fold of the mucous membrane.

Fig. 2. One of the laminae of the common eel, showing the folds of mucous mem-
brane given off from both sides of the lamina.

Fig. 2 a. A portion of the same magnified one hundred diameters.

Fig. 3. One of the laminae of a common eel, showing the convex border on which

the branchial artery, and the concave one on which the branchial vein

runs, and the folds of mucous membrane between them.

Fig. 3 a. A portion of the same magnified one hundred diameters.

Fig. 4. A portion of one of the laminae of a lamprey (JPelromyzon marinus), showing
the broad transverse folds of the mucous membrane.

Fig. 4 a. A portion of the same magnified fifty diameters, to show the capillary plexus

on the folds.

Fig. 5. A portion of one of the laminae of a ray (Raia balis), showing the folds of

the mucous membrane.

Fig. 5 a. A portion of the same magnified fifty diameters ; it shows the large size of

the capillaries composing the plexus.



II.—Observations on the Vascularity of the Capsule of the Crystalline

Lens, especially that of certain Reptilia. By John Quekett,

Esq., Assistant Conservator of the Museum, and Demonstrator

of Minute Anatomy at the Eoyal College of Surgeons of

England.

(Read January 13th, 1847.)

There are certain tissues in vertebrate animals that have been

termed non-vascular, that is, tissues in which in the healthy state no

vessels carrying red blood have hitherto been discovered ; amongst
these are classed, by most observers, the cornea, the capsule of the

crystalline lens, and the vitreous humour or body. Before the adop-
tion of the theory of nutrition and growth by the agency of cells, the

existence of vessels far too minute to carry red blood, but which

allowed lymph and serum to traverse them (hence called vasa serosa)

was inferred, but as yet such vessels have never been satisfactorily

demonstrated.

Many mistakes have arisen from the circumstance of certain of

these tissues having been examined at one time in the growing state,

at another when diseased, in both of which cases, blood-vessels are

not unfrequently present, but in the adult and perfectly healthy

state, such tissues have no vessels in their interior, but in their im-

mediate neighbourhood only. We have examples of this kind in arti-

cular cartilage, which in the growing state is vascular and nourished

by synovial membrane ; in the cornea again, the vessels are supplied

from the conjunctiva, as has been admirably shown by Mr. Toynbee.
It is now, however, well known, from the researches of Schleiden

and Schwann, that all tissues are developed from cells, and the re-

searches of Mr. Toynbee go to show that as long as the true cell-form

remains, these structures require vessels in their neighbourhood only.

If we examine an injected eye of a young animal, we shall find (if

the injection have been successfully performed) that the posterior

layer of the capsule of the lens, is largely supplied with blood-

vessels, derived from an artery running through the vitreous humour,
and called the arteria centralis retina. If, however, the animal be an

adult, the capsule can rarely, if ever, be injected; this holds good in

the human subject and in Mammalia generally, but one of the prin-

TRANS. MIC. SOC. VOL. HI. C
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cipal objects of the present communication is to point out, that in

some of the Reptilia, namely, the frog, toad, boa and common English

snake, the posterior layer of the capsule of the lens is capable of

being injected in animals of all ages.

In these reptiles, it is worthy of notice, that the crystalline lens is

of a spherical shape and of large size as compared with the chambers

of the eye in which it is enclosed.

In the boa (Python tigris) as shown in Plate II. fig. 1, the capilla-

ries of the posterior layer of the capsule are injected, and instead of

there being only one or two vessels passing through the vitreous hu-

mour to supply it, there are four, the two smallest, in all probability

being arteries, and the other two of larger size, veins ; the capsule it

will be seen does not extend much farther over than half the surface,

or what may be termed the equator of the lens, and appears to be

very loosely attached to it, the free margin projecting some little dis-

tance from its surface. The capillary net-work is very delicate, and

in arrangement is quite different to that found in the eyes of foetal

mammalian animals.

In the common English snake {Coluber natrix) the vessels of the

capsule are small and very numerous, and the capsule itself extends

a little beyond the equator of the lens, its free margin being formed

by a large vessel, probably a vein, which surrounds nearly the whole

circumference of the capsule and terminates in one of the vessels of

the iris ; the vessels of the capsule, when removed and laid flat, very
much resemble a basket : in this animal there appears to be only one

vessel, probably an artery to supply the capsule.

In the frog and toad, the same arrangement of parts is to be seen,

except that in both these animals, especially in the toad, the vessels of

the capsule are much fewer in number, and very much larger in dia-

meter, than in the two preceding specimens ; the large vein surround-

ing the free margin of the capsule is present in both, and if the lens

be removed from the choroid, the large vessel must be divided before

it can be separated from the iris ; in fact, the strength of this vessel

is such, that if the iris be held up by a pair of forceps, the lens will

be found suspended from it.

Before quitting the subject of the vascularity of the posterior layer
of the capsule of the lens, it will be as well to point out in this place
another peculiarity which I have observed in the boa and snake, viz.

the vascularity of the thin transparent layer of skin covering the eye
of these animals. A specimen of this kind from the boa, is repre-

sented in Plate II. fig. 2 ; the vessels are of large size, and their mode
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of arrangement visible even to the naked eye, they are found to be

connected with those on the inner layer of the skin. The presence

of these vessels is very remarkable, and serves to show that the sense

of vision of such animals must be far from perfect, for the rays of

light entering the eye must necessarily pass, first through these

vessels of the skin, and then those of the posterior layer of the cap-

sule, before they can fall upon the retina. It might be asked

whether such vessels exist in the Batrachian reptiles ; as far as my
experience goes, I have never yet been able to trace them.

In the mammalian foetus, the vessels of the posterior layer of the

capsule are readily injected, but in the adult eye, except in cases of

disease, I have hitherto failed to fill them ;
in the foetus, however,

they are of small size and very numerous, and in these animals we

may with ease often find that the anterior layer of the capsule is in-

jected as well as that of the posterior, and if the lens be removed

entire, it will be seen that the whole of its outer surface is covered

with vessels, but, as will presently be shown, the vessels of the two

layers differ materially both in size and arrangement. The vessels

of the posterior layer of the capsule of the foetal wolf, as shown in

Plate III. fig. 1, are of small size, they are derived from the arteria

centralis retina, which after reaching the capsule divides generally

into two branches, each of which divides and subdivides in a radi*

ating manner, so as to form a delicate plexus; on reaching the

equator of the lens, the vessels become more or less straight, and in

some cases, each straight vessel will split up into two branches, one

of which will pass into or join the vessels of the anterior layer of

the capsule, and the other anastomose with those of the iris* The
vessels of the anterior layer, as shown in Plate III. fig. 2, are of

much larger size and less numerous than those seen in fig. 1, which

is a representation of the posterior layer of the same lens, and they

evidently correspond in arrangement to those described as peculiar

to the membrana pupillaris, and as I have never been able to find

two sets of vessels in front of the capsule, it would appear that the

presence of a membrana pupillaris ; as generally described as filling up
or closing the aperture of the pupil, is more or less the result of ac-

cident : if the lens come away with its capsule entirely covered with

vessels, no membrana pupillaris will be found ; but if (as frequently

happens) the straight vessels above described as passing into the an-

*
Examples of the anastomosis of the vessels of both layers of the capsule, will

be seen in all the figures in Plates III. and IV.



12

terior capsule give way, then the layer of the capsule may be retained

by the vessels connecting it with the iris, and so form the membrana

pupillaris. If a perfect specimen of membrana pupillaris, as shown in

Plate IV. fig. 1, be examined in situ, some of the vessels that con-

nected it with the posterior layer of the capsule, will be found lying
loose around the margin of the iris. It will be seen also from

the representation of the vessels of the anterior layer of the capsule
of the foetal wolf, in Plate III. fig. 2, and of the kitten, in Plate IV.

fig. 1, and of a foetal dog, in fig. 2, that the arrangement is not the

same in different animals ; the vessels of the human foetus are dif-

ferent from any of these, but most nearly resemble those of the

kitten in Plate IV. fig. 1. From what I understand of the struc-

ture of the membrana capsulo pupillaris of Henle, and from his de-

scription and representations of the vessels, the parts above described

as coating the lens, must be considered as identical with his so-called

membrana capsulo pupillaris ; but he does not appear to be aware of

the fact, that the anterior layer when separated from the posterior,

goes to form the membrana pupillaris of the older anatomists*

The fact of the permanent vascularity of the posterior layer of the

capsule of the lens of Beptilia, as far as I can learn, is new to science,

and for this reason I have been induced to bring it before the So-

ciety, and at the same time to introduce a new method of printing

blood-vessels in colour ; the drawings in illustration of this subject

now exhibited, having been first made by Mr. Aldous, and subse-

quently printed by an improved process of Mr. Hulmandel.

* Since this paper was read, my attention has been directed to the description of

an injected capsule of the lens of a young rabbit, in the Catalogue of the Museum of

St. Thomas's Hospital; and I am happy to find that the opinion both of Mr. Grainger
and Mr. Rainey coincides with my own, viz., that the anterior layer of the capsule
and the membrana pupillaris are identical.
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EXPLANATION OF PLATES II. III. IV.

Plate II. fig. 1. Portion of the sclerotic and choroid coats of the eye of the tiger

boa {Python tigris) to which are attached the crystalline lens with

its capsule injected,

fig. 2. The thin layer of skin covering the conjunctiva of the same boa,

with its blood-vessels injected.

Plate III. fig. 1. Vessels of the posterior layer of the capsule of the lens of a

foetal wolf,

fig. 2. Vessels of the anterior layer of the capsule of the same lens.

Plate IV. fig. 1. Vessels of the anterior layer of the capsule of the lens of a kitten,

these form the membrana pupillaris.

fig. 2. Vessels of the anterior layer of the capsule of the lens of a foetal

dog.

In each of the four last figures the anastomosis of the vessels of the anterior and

posterior layer of the capsule is well represented.
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III.—Observations on some part of the Anatomy of ttvo species of

Naked-eyed Medusae. By George Busk, Esq., F.L.S., Presi-

dent of the Society.

(Read October 25th, 1848.)

Indispensable as the use of the microscope must, at the present

day, be considered in the study of the minute structure of all organized

beings, there are, perhaps, none so obviously the proper subjects of

microscopical research, as those constituting the extensive class of

the Acalephae or jelly-fishes. The pellucid transparency of the tissues

of most of these creatures, and the extreme minuteness also of many
of them, absolutely require that the eye should be aided, to enable

us to arrive at any satisfactory result in their examination. At the

same time the beauty and variety of form and colour presented in

this class of animals, their abundance, and the facility with which

many species may be procured, would appear to offer the greatest

temptation, even to those who employ the microscope merely as an

instrument of rational amusement. But to the scientific inquirer,

the study of the structure of these creatures presents a highly in-

teresting and important field. The still obscure relations of this

class with regard to the rest of the invertebrate kingdom, the inte-

resting physiological considerations involved in their modes of

development, and the favourable conditions afforded by the peculiar

delicacy and transparency of their tissues, for the studying, as it were,

of the ultimate elements of the animal structure, all would seem to

demand, and to be, above all things, likely to reward the closest in-

vestigation. Until lately, however, the microscopical study of these

animals does not appear to have been much attended to, or at all

events, not to have been very successfully pursued. All that is trust-

worthy or useful in this respect has been afforded by Milne-Edwards,

R. Wagner, Will, Kolliker and our eminent countryman Prof. E.

Forbes. To the beautiful monograph on the naked-eyed Medusae by
the last-named author, recently published under the auspices of the

Ray Society, I would refer you for the fullest information as to the

present state of knowledge respecting the animals of which it treats.

I will here merely premise, that in that work, the extensive class of

pulmograde Medusae is subdivided into two groups, characterized
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respectively by the presence or absence of protective appendages to the

ocelli, or what are considered as such ; and as this distinctive character

also appears to imply important differences in other respects in the

structure of the animals, it is to be regarded as of the highest utility.

Prof. Forbes's monograph embraces those pulmograde Medusa which

have no protective appendages to the ocelli, and are from that

circumstance termed "
naked-eyed," or the Gymnophthalmata. It is

to two species only of this family that the following observations

refer. These two species belong to two genera differing very widely
from each other, and of which one may be regarded as representing
the highest form of development in this class of Medusa, and the

other, perhaps, the lowest or most simple. The species which op-

portunity rather than choice has caused me to select for observation,

are Turris neglecta and a species of Thaumantias, which I am un-

able to name with certainty. Both species, with numerous others,

occurred abundantly in the sea around the northern and eastern

shores of the Isle of Wight, and also in Portsmouth Harbour ; and

the observations were made in the month of September last (1848).

In Prof. E. Forbes's work the genus Turris is thus denned :
—

" Umbrella subcylindrical or mitrate ; ovaries four, double, dense,

convoluted, lining the cavity of the peduncle ; vessels simple ; mar-

gin of the umbrella with numerous tentacula ; muscles of the disk

conspicuous and highly developed ; mouth of the peduncle fimbri-

ated." And the species T. neglecta as follows:—"The umbrella

transparent, smooth, and subhemispheric, inclining to conical ; sum-

mit slightly pointed ; subumbrella reaching to little more than half the

height of the former, slightly pyramidal with a truncated summit ; the

muscular bands are distinctly seen striping its sides ; peduncle large,

of a substantial aspect, in consequence of the compact masses of rich

crimson or vermilion convoluted and fimbriated ovaries which oc-

cupy its broader and upper half: the peduncle terminates in four

lips, fimbriated at their edges and highly muscular ; radiating vessels

four, simple ; marginal tentacles close set, more than sixty in num-

ber (16x 4 + 4), very contractile, being sometimes elongated into

hair-like filaments, and at others contracted into little knobs ; each

tentacle has a large bulbous base, the upper part of which bears a

brilliant ocellus, consisting of crimson pigment-cells, and there is

another speck, probably the site of an otolitic mass below." Coloured

figures also of the animal and of certain portions of its anatomy

magnified, are given in Plate III. of the same work. As my own

observations with respect to some of the anatomical and structural
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details, differ in their result to a certain extent from those of Prof.

Forbes, it is to those portions that I am desirous, in the following

remarks, more particularly of directing your attention.

This Medusa is not so perfectly transparent as many of its conge-

ners, and its texture is more solid and firm to the feel than it is in

many others. It is very active and vigorous in its movements, and

may be kept alive some time with a little care. Some idea of its

form and appearance may be derived from fig. 1 a, and magnified fig.

1 b. Few objects can be conceived more elegant and graceful in

form and colour than the tiny, ruby-tinted Turris neglecta, gently

rising and sinking, or suspended in its native element ; its long fila-

mentous tentacles, extended to their full length, waving about and

surrounding the creature as it were with a delicate halo. The disk

of all these Medusce appears to be composed of two distinct mem-
branes or layers, of which the external is termed the umbrella, and

the internal or inferior, the subumbrella. To the margin of the disk

are appended the tentacles, and in some cases other organs, about

which more will be said in the subsequent observations upon the

Thaumantias. From the centre of the subumbrella in most genera,

depends, like the clapper of a bell, the peduncle, which contains the

stomach or digestive cavity, and in some genera also supports the

ovaries or reproductive glands. Within the margin of the disk, there

is in many cases, but not so conspicuously in all, a wider or narrower

strip of membrane, termed the velum or veil ; and within the sub-

stance of the rim there is always a canal running round the entire

circumference, and from this marginal canal four or more radiating

canals pass, in the substance of the subumbrella or beneath it, to-

wards the base of the peduncle, and which canals can, in many
instances, be seen, and in most are supposed to open directly into the

stomach or cavity communicating with it. I shall proceed to de-

scribe these various parts in Turris neglecta in the order above indi-

cated.

The external integument of the disk, or the umbrella, is thick and

firm, presenting faint indications of its being composed of cells mostly

elongated and prismatic, but under more superficial examination it

appears to be structureless : the external surface is covered with

minute, circular, granular, slightly-raised spots, which constitute a

sort of imperfect cuticular layer, but these scales or spots are not in

close contact. The subumbrella is much thinner, and is connected to

the former by a lax cellular tissue. It is composed almost entirely

of muscular fibres, being in fact, it may almost be said, a muscular
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expansion. The fibres are very distinct in nearly every part, but are

especially strongly developed towards the summit of the bell and to-

wards its lower margin : they are arranged in a circular direction, and

I have not been able to observe the four distinct longitudinal bands of

muscle described or rather figured by Prof. E. Forbes. The muscu-

lar fibres, or fasciculi, vary from 1-5%^ to T 6
x

do of an inch in width,

and, as in the higher animals, are composed of smaller fibres or

fibrillae, distinctly marked with regular transverse striae (fig. 8, a).

The spaces between the muscular fibres are comparatively large.

The border of the bell is somewhat thickened, containing the

marginal canal, and to its lower margin are appended the tentacles

and bulbs, or rudimentary tentacles. Attached to the inner margin
of the border is the narrow and inconspicuous velum, which is to be

regarded perhaps as a prolongation or continuation of the subum-

brella, and like that part is composed almost entirely of concentric

muscular fibres ;
it is the proper sphincter or contractor of the ori-

fice of the bell. The deficiency in size of the velum is in some degree

compensated by the greater development of the muscular structure

of the subumbrella itself.

The inferior margin, as above stated, is beset with a close and

crowded series of rounded or pyriform bulbs, all of which present a

circular, crimson spot towards or at the lower part, and a more faintly

coloured, somewhat elongated, yellowish brown spot towards the

upper part. The tentacles arise from these bulbs, and when com-

pletely retracted appear to constitute the narrow pyriform prolonga-

tion exhibited by some, but not by all of these bodies. The tentacles

vary very much in number : in a full grown specimen, and when all

are fully extended, they are very numerous ;
in fact so much so as

not to admit of being accurately counted. In length they exceed,

perhaps, twice or three times the height of the bell, and form, when
in the extended condition, a beautiful light fringe or halo around the

animal as it sinks slowly in the water. When the creature ascends

or swims about by the contractions of the disk, the tentacles are al-

most invariably drawn in entirely, or at all events much shortened.

The bulbs are about ^\^ or -j^tr
of an inch in diameter, and the ten-

tacles considerably less. The bulbs and tentacles are constituted of

a thin transparent membrane, the interior of which is filled with a

delicate cellular tissue (fig. 12). The outer layer of cells of this

tissue, have in the bulb something of a prismatic form. In the ten-

tacles the shape of the cells is considerably altered, they become

narrow and elongated, their long axis (in the contracted state of the

TRANS. MIC. SOC. VOL. in. D
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organ at least) being transverse ; owing to this circumstance the ten-

tacles, when partially extended, present the appearance of transverse

compartments.
In the centre of the substance of the bulb there is a cavity

which communicates, I believe, above with the marginal canal, and

is continuous inferiorly with a tubular cavity in the centre of the

tentacle. The immediate walls of the cavity in the bulb are formed

of cells, having brownish coloured granular contents, and which I

consequently presume are of a glandular nature, and to the presence

of which cells is due the upper elongated brownish spot (a, fig. 12)

mentioned above. The lower, circular, crimson spot is composed of

tolerably uniform, coloured corpuscles or pigment grains, which seem

to be lodged in the outer cells of the parenchyma, or between the pa-

renchyma and the basement membrane of the bulb. It is, I believe,

this assemblage of coloured granules that has been dignified with the

name of
"
ocellus," though it seems to present few of the characters

of a visual organ. The exterior of the bulb is covered with a thick

layer of cells, each of which contains, or rather partially surrounds,

one of the peculiar spiculiferous or filiferous vesicles, common in all

the Hydra, hydroid Polypes, Actinia, &c. On the tentacles them-

selves, these filiferous vesicles lose, or come out of, their parent cell,

and assume the aspect under which they more commonly occur. In

this form they exist, scattered more or less irregularly throughout
the whole length of the tentacle, being, of course, more closely or

more rarely set, according to the degree of extension of that organ.

The marginal and four radiating gastro-vascular canals are all con-

stituted in the same way. They appear to have a distinct but very

delicate wall or basement membrane, which is lined by an epithelial

layer of elongated cells (d, fig. 8) with large granular nuclei, and pro-

bably of a secretory or glandular nature. On the exterior of the

basement membrane there are also placed similar cells, but not so

closely arranged. Ciliary motion is evident throughout these canals,

but the cilia themselves are inconspicuous. The fluid which circu-

lates with considerable rapidity in these canals, carries along with it

numerous corpuscles, mostly granular and of various sizes. The

four gastro-vascular canals open directly into the marginal canal, and

superiorly they penetrate the base of the peduncle. Soon after the

entrance into the base of the peduncle (c, fig. 1), they become

narrower, and appear to lose their distinct, defined wall or base-

ment membrane, and to become mere channels between the cells,

constituting the substance of the base of the peduncle presently to
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be described. The ultimate mode or even point of termination of

these canals I was unable to make out satisfactorily. It seemed,

however, that the current of fluid in the canal did not penetrate far

into the base of the peduncle, but stopped at the point where the canal

became contracted, and was there turned back. The peduncle, for

convenience of description, may be divided into three portions ; an

upper portion or base, a central portion, and a lower portion consti-

tuting the mouth or lips. The upper portion or base (d, fig. 1) is the

most expanded ; it is colourless and transparent, and is composed of

a beautiful, very distinct cellular tissue (using the term not in a sense

very commonly understood of it as applied to the areolar tissue of

animals, but to designate a tissue composed of distinct polygonal
cells like those of certain vegetable tissues), as shown in fig. 1, and

fig. 10. The cells constituting the greater part and the interior of this

mass, are of irregular size and polygonal form, but towards the exte-

rior, as in the tentacular bulbs, the cells composing the tissue assume

more of a prismatic form, and thus constitute as it were a thick ex-

ternal layer, in some degree distinct from the rest of the mass. The
subumbrella or its lining membrane appears to be reflected on the

base of the peduncle, and to be lost or rather merged in its outer co-

vering. The cellular base of the peduncle is penetrated, to a certain

extent at least, as above described, by the four gastro-vascular canals,

immediately contiguous to which, the cells of the cellular tissue are con-

tracted and crowded. The cells of the cellular tissue are filled with a

transparent colourless fluid, which is rapidly dissipated by exosmosis

when the specimen is placed in a saline solution of greater density
than sea water, or in spirit, and in this condition the cellular base of

the peduncle, and together with it great part of the thickness of the

umbrella, disappears, and the specimen assumes something of the ap-

pearance shown in fig. 2. The middle portion of the peduncle is of

a quadrangular form and of a deep red or crimson colour : it con-

sists of the thick walls of the stomach or digestive cavity, and on the

four sides are placed the ovaries or reproductive glands. The walls

of the stomach are thick and dense, composed of elongated closely

packed prismatic cells, amongst which, and also on the external sur-

face of the peduncle, are numerous granular corpuscles, fig. 11. The
four angles are rounded and exhibit a rather laxer tissue, continuous

above with that of the basal portion, and below with the four angular
folds of the lips. The third or lowest portion of the peduncle is con-

stituted of four fimbriated and scalloped crescentic folds ; the sulci

between which correspond to the four sides of the peduncle, and
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along the middle of each fold or valve runs the thickened continua-

tion of the angles of the peduncle, in wliich there is, most probably,
a band of muscular fibres, though I have not been able to make this

point out satisfactorily. The margin of the lips is thickened and

slightly everted, thickly beset with filiferous and spiculiferous ve-

sicles : when closed, the four valvular folds of the lips form a crucial

slit. The ovaries or reproductive glands are placed on the four sides

of the middle portion of the peduncle ; each entire gland is bilobate

and somewhat cordiform, with the apex directed downwards (fig. 3, 4),

and it is enclosed as it were between the swollen corners of the pe-

duncle ; beyond the level of which, however, when mature, the ovary

projects as shown in figs. 5, 6 and 9, wliich latter represents a portion
of the mature ovary projecting from the surface of the peduncle.
These glands (the female ones at least) consist of a delicate mem-
brane, enclosing a granular or cellular stroma filled with ova in

various stages of development. The ova probably escape at a certain

stage of their development through ruptures of the membrane of the

gland, adhering for some time after their escape from the interior to

the surface of the ovary (fig. 1) : they afterwards appear to fall into

the cavity of the bell, in wliich there may frequently be observed nu-

merous detached ova. How long they are thus carried about by the

parent, or what degree of development (if any) they undergo whilst in

this position, I am unable to determine. In one and the same ova-

rian gland, ova in all stages of development may be observed, and the

smaller ones seem to be always attached by a short placental cord

(b, b, b, fig. 8). The ova are of a rosy pink or crimson colour, and

the fully mature ones are opaque. The colour of the peduncle ap-

pears to be due chiefly if not entirely to these bodies.

When specimens of Turris neglecta are kept for some days in the

same water, they, like the Actinia, turn themselves inside out. At

first the disk only appears to be reverted over the peduncle, as in

figs. 3, 7
; but as the retroversion proceeds, the lips or oval lobes are

also reflected over the peduncle, and the stomach itself, as in the

Actiniae is turned inside out and reflected over the sides of the pe-

duncle and ovaries.
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EXPLANATION OF PLATE V.

Fig. 1. a. Natural size.

b. Magnified view of Turns neglecta.

c. Entrance of gastro-vascular canals into the base of the peduncle.
d. Cellular base of peduncle.

e. Middle portion of peduncle with ovaries and some detached but adherent

ova.

/. Lower or oral portion of peduncle.

Fig. 2. Specimen corrugated by immersion in strong saline solution or spirit.

a, a, a, a. Four gastro-vascular canals.

b, b. Marginal canal.

Fig. 3. Specimen partially reverted.

a. Disk, turned back and the margin inflected.

b. Middle portion of peduncle, with the cordiform ovary.

c. Oral or labial portion.

Fig. 4. Specimen completely reverted, stomach turned inside out
;
the ovaries seen

through its stretched walls.

Fig. 5. Side view of ovary partially detached at the base.

Fig. 6. Side view of ovary in situ.

Fig. 7. Specimen partially reverted ; shows the thickened angles of the peduncle.

Fig. 8. a. Muscular substance of subumbrella.

b, b, b. Ova in an early stage of development.
c. Lining membrane of subumbrella, which appears often to contain nucle-

ated cells.

d. Epithelial lining of canals.

e, e. More mature ova.

Fig. 9. Section of ovary, seen in profile.

Fig. 10. Cellular tissue of base of peduncle.

Fig. 11. Cellular tissue of wall of peduncle or stomach.

Fig. 12. Tentacular bulb and ocellus.

a. Upper spot or cavity of bulb. (The luminous gland ?)

b. The lower spot or so-termed ocellus.
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IV.—Observations on certain points in the Anatomy of a species of

Thaumantias. By George Busk, Esq., F.L.S., President of

the Society.

(Read March 28th, 1849.)

The species of Thaumantias forming the subject of this paper,

most nearly resembles T. inconspicua or T. sarnica, Forbes, from

both of which, however, it appears to differ in the shape of the repro-

ductive glands, which are not linear, as described in both those

species, but short and ovate. From the former species, also, it dif-

fers in the absence of colour in the tentacular bulbs. The specific

name, therefore, is left undetermined ; but this is of the less conse-

quence, as the subject of this paper is merely to describe certain

points of anatomical structure presented by this species, in common
with many others ; and in a modified form, perhaps, by all its con-

geners.

It was very abundant last autumn in the sea between Portsmouth

and the Isle of Wight, a locality apparently very favourable to the

smaller and more delicate species of gymnophthalmatous Medusa.

This Medusa is about three-fourths of an inch in diameter, and

the disk is rather depressed ; varying, however, a good deal in this

respect (fig. 1, a, b). It is perfectly transparent and colourless in all

parts. The subumbrella ascends to about three-fourths of the height
of the umbrella. The margin of the disk is furnished interiorly with

a pretty wide velum, and supports from eight to thirty-two tentacles

according to the age of the animal. The age may probably be cor-

rectly deduced, not merely from difference in size, but from the

greater or less completeness in the development of the reproductive

glands. The peduncle contains a simple cavity, into the base of

which the four gastro-vascular canals seem to open directly. The

margin of the lips of the peduncle is entire, and when the organ is

contracted, this part and the greater portion of the peduncle itself is

thrown into four angular folds (fig. 2). The substance of the pedun-
cle and lips is composed of a fine cellular tissue, and the margin is

slightly thickened and beset with filiferous vesicles, as indeed in a

less degree is the whole surface of the peduncle. Four principal
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bands or fasciculi of striped muscular fibre correspond to the four

angles of the peduncle, and are no doubt the agents by which its

active movements in all directions are effected. The four gastro-

vascular canals run in a straight course from the base of the peduncle
to the marginal canal, giving off from their inferior aspect, and at

about two-thirds of their length, taken from their entrance into the

peduncle, a short, narrower tube, which running down a short way

parallel with the main trunk, terminates in the reproductive gland or

ovary ; and this short, narrow oviduct, as it may be termed, is lined

with very long vibratile cilia, which might readily under some cir-

cumstances be mistaken for Spermatozoa. The gastro-vascular

canals and the marginal canal are all lined with a glandular epithe-

lium, by which term is meant an epithelium composed of cells con-

taining a solid granular matter, and which probably are of a glandular
or secretory nature. There is an active circulation of fluid in these

canals. The marginal tentacles, as has been said, vary considerably
in number, and they may usually be observed in all stages of deve-

lopment. The perfect tentacle consists of a pyriform bulb which is

prolonged into the filiform tentacle. These bulbs are situated on the

margin of the disk, from which they project (fig. 3). They contain a

cavity which is continuous above with the marginal vessel, and below

with the tubular cavity of the tentacle (figs. 6, 7, 8, and 9). The

cavity of the bulb is lined with, and in fact its walls as well as those of

the marginal canal are constituted of solid glandular cells (figs. 6, 11).

These cells, in the cavity of the bulb, I believe to have the property
of secreting a luminous material, and indeed to be the principal seat

of the luminosity in the present species. A faint blue luminosity

may be noticed in these bulbs even by subdued daylight, when the

animal is placed in fresh water and quickly examined under the mi-

croscope ; and in the dark the phenomenon is very striking. The
tentacles have a remarkable power of elongation, and when elongated
are thrown into very extraordinary angular curves. At each of these

angular bends projects a large filiferous or spiculiferous vesicle.

The extremity of the tentacle is slightly dilated, and is thickly beset

with similar prehensile vesicles. To this part of the tentacles I have

frequently found adherent numerous, globular or elongated cells,

containing rounded corpuscles and endued with an active motion.

These bodies I looked upon as the sporules of Alga, and as forming

probably part of the aliment of the Medusa.

The formation of the tentacular bulbs appears to commence in a

circumscribed dilatation of the marginal vessel, as shown in a, figs.
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8 and 10. Around this dilatation, an agglomeration of glandular
cells takes place, causing a considerable thickening of the walls of the

canal at that part. This dilatation eventually forms the cavity of the

bulb, and is prolonged thence into the tube of the tentacle. The
lower surface of these incipient bulbs is from the first thickly beset

with filiferous vesicles (fig. 8, c). The ovaries or reproductive glands
are four in number, and in all the specimens (not a great many) exa-

mined by me in the mature state, these bodies contained ova in vari-

ous stages of development (figs. 4, 5). On the margin of the disk and

between the tentacles are placed minute bodies or organs, to which I

am more particularly desirous of directing attention, as it appears to

me that considerable obscurity rests upon their true nature, and

much confusion in what is said about them by different observers.

One of these organs in the form they more usually assume, is shown

in fig. 12, and other modifications of form in figs. 13, 14. They con-

sist of a perfectly transparent, homogeneous, outer envelope of consi-

derable thickness ; within this is contained a cyst or cysts filled with

a transparent fluid, and containing also a spherical, highly refractive

corpuscle. Where there is more than one of these corpuscles, and

they sometimes amount to nine, each is usually contained in a dis-

tinct secondary cavity or cyst (fig. 13). The cavity of the outer cell

or cyst, exterior to the smaller or inner cyst which contains the re-

fractive corpuscle, is occupied by a fine granular material, in which

an indistinctly fibrous, radiating appearance may sometimes be de-

tected. Sometimes within the inner cyst may be seen, besides the

large spherical corpuscle, other small unequal sized spherules, as

shown in fig. 14.

Under polarized light the spherical corpuscle exhibits a well-de-

fined black cross (fig. 15), an appearance which may probably be

taken to indicate a greater density in the centre, gradually and uni-

formly diminishing towards the circumference. This structure would

seem to bear a close resemblance to that of the crystalline lens, and

the body in fact may be regarded as closely similar in form and

structure to the crystalline lens of fishes. These marginal bodies

consequently should be regarded as visual organs, and not as auditory

capsules, as they have hitherto, I believe, been usually considered.

The substance of the umbrella is indistinctly cellular. That of

the subumbrella is composed for the most part of a muscular expan-

sion, lined internally by a delicate membrane, and between these

layers the four gastric canals appear to run. The velum also is com-

posed of very distinct muscular fibres. All these muscular fibres are
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distinctly marked with transverse stria, and are assembled in fasci-

culi of various sizes and lengths.

ADDENDUM TO THE FOREGOING PAPERS.

As the nature of these marginal bodies is perhaps still obscure,

and its determination a matter of interest, I have endeavoured to

collect all the more important observations hitherto made with re-

gard to them, and the result is as follows.

Though noticed and imperfectly described and figured by Ehren-

berg and Milne-Edwards, no connected account of the varieties pre-

sented by these bodies in various species seems to have been afforded

before that given in Dr. Will's
' Horae Tergestinse,' published in 1844 ;

a work which cannot be too highly praised. The substance of what

he says of the marginal bodies, termed by him "
auditory capsules,"

is included in the following summary.
"1. In Cydippe the auditory capsule is pedunculated, and consists

of a simple but tolerably thick membrane and a round mass of

crystals, of a reddish-gray colour in Beroe, but white in Eucharis

and Cydippe. Between the inner surface of the cyst and the crys-

talline mass is a transparent interspace of considerable width, which

appears to be filled with a fluid, for the cyst is not only always dis-

tended to the utmost, but also changes its figure according to the

shortening or extension of the infundibulum ; in the former instance

becoming globular, in the latter elongated. The granules are slightly

transparent, roundish or of a compressed reniform shape. Examined
in oil of turpentine their form becomes more distinct. They are

dissolved with effervescence by muriatic acid. Their number varies

according to age and the species. In' the auditory capsule of Beroes,

two inches long, I have counted about two hundred, and as many in

Eucharis, but in Cydippe not more than twelve to fifteen."
"
I have never succeeded in observing any motion in these crystals,

or ciliary movements on the inner surface of the cyst, as has been

observed by Kolliker and Siebold in the Mollusca, either in the

Ctenophorous or Discophorous Medusa, although I have employed a

good microscope by Schieck, and sufficiently great magnifying

powers (I. c. p. 45 and 46)."

He was equally unsuccessful also in observing any motion in the
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corpuscles contained in the marginal capsules in Geryonia pellucida

(p. 46.)

In Cephea Wagneri (Will), a covered-eyed species, the auditory

capsule is thus described :

"
It is about one-sixth of a line in size

and placed upon a thick stem, which arises from a transparent yel-

lowish mass, placed in the excavation of the more compact bean-

shaped substance (described as situated in the nine deeper marginal

incisures). The upper border of this substance is deeply excavated

on the sides, the lobes extend far into it, and below, a membrane is

stretched across. In this way the auditory capsule is entirely covered,

and can even be partially retracted. It consists of a delicate mem-

brane, crammed full of hexahedral crystals from the one-hundredth to

one-eightieth of an inch in diameter. The circulation of fluid seen

by Ehrenberg in the stem, is only a part of that produced by ciliary

movement in all the aqueous passages ; a motion of the water resem-

bling circulation."

In Polyxenia leucostyla, a naked-eyed Medusa, the marginal bodies

are thus described :
—"

They are placed in the middle, between the

marginal tentacles, close upon the marginal vessels. Their number

is very inconstant, and does not always correspond with that of the

tentacles. They have a slender peduncle (?) by which they are affixed

to a yellowish substance lodged in a slight incurvation of the margi-
nal vessel, from which, however, it projects pretty considerably.

Although the vesicle has a double marginal shadow, still I believe

that it consists of only a single membrane. With respect to its con-

tents, it differs from all known forms in the circumstance that it

contains only a single perfectly spherical corpuscle, almost entirely

filling the vesicle, and applied close to the inner wall for two-thirds

of the periphery. I was unable to remark any motion in it. It is

dissolved by dilute muriatic acid."

In Cytceis polystyla, a naked-e}
red species, the so termed auditory

capsules are not placed between the tentacles as in the former in-

stance, but beneath, or on the inner side of the tentacular bulb,

whether there be a tentacle prolonged from it or not. They are not

pedunculated, but placed immediately beneath the epidermis, about

the one-hundred-and-fiftieth of an inch large. They contain a great

number of intensely reddish-yellow roundish corpuscles, with an ir-

regular jagged outline. They are soluble with effervescence in

muriatic acid.

In Geryonia pellucida (Will), a naked-eyed species,
" The capsules

are placed on the marginal vessels in very inconstant number;



27

usually, however, there is one on each side of the larger tentacles,

but only on one side of the smaller. They are round, one-fortieth

of a line in diameter ;
consist of a tolerably thick membrane, and

contain one to nine and even more round corpuscles. If there is

only one corpuscle, it is lodged exactly in the middle of the vesicle ;

but when more are present, they are placed either in two groups, to-

gether, or arranged in a single row at the border of the vesicle

(beisammen oder eigeln ane inauder gereiht). Their size varies from

the one-three-hundredth to the one-hundred-and-fiftieth of an inch.

I have never observed motion in them. Muriatic acid dissolves

them and causes the vesicle to collapse. At the point where the

latter is placed upon the marginal vessel there is a slight depres-

sion ; this is filled' up by a yellowish-green substance, in which the

vesicle itself is imbedded to the extent of one-third of its circum-

ference. This structure I look upon as a ganglion, although histo-

logically this cannot be demonstrated."

In Geryonia planata, the structure of these bodies would appear to

be the same as in the above.

In Thaumantias leucostyla (Will), also a naked-eyed species,
" The

auditory capsules are stated to be situated below the basis of the

marginal tentacles on a minute projection. They are about one-

sixtieth of an inch in diameter, and contain a corpuscle one-two-hun-

dredth of an inch in size. They do not occur under all the ten-

tacles."

In Ephyra, a covered-eyed species, the marginal vesicles are placed

in the angle between the two terminal lobes of each segment, upon
a thick peduncle ; they are completely filled with about thirty rhom-

boidal crystals, the largest of which are the one-hundred-and-fiftieth

of an inch in length, and the two-hundredth in width. The vesicle

itself has a diameter of one -fiftieth of an inch, and only two-thirds

of its circumference are free. The other third is imbedded in a

round or elongated cellular substance very distinct from the substance

of the body, by its less pellucidness and a yellow colour. The pe-

duncle is the continuation of an elevated sharp ridge, running from

the mouth to the middle of each lobe on the under surface, and is

continued somewhat outwards on the latter itself, where it is gradu-

ally lost. But at the point where the middle third of this ridge forms

the peduncle of the auditory capsule, it appears as if this peduncle

had four angles, two more prominent on the inner side, and two less

distinct on the outer.

What is said respecting these marginal bodies, in the beautiful
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Monograph of Prof. E. Forbes, is not very satisfactory, as that emi-

nent observer does not appeal* to have noticed their peculiar structure,

as detailed by Will, and as described in the foregoing paper. He says

(I. c. p. 8) that " the otolitic vesicle, which from analogy and its pecu-

liar structure, is considered an organ of hearing, is a small spherical

sac, developed in the midst of the granular substance of the bulb

[of the tentacles] and containing more or fewer vibrating bodies." He
then proceeds to give Will's description of the marginal vesicle in

Geryonia ; overlooking, apparently, the fact that the writer both de-

scribes and figures these vesicles, in that species at least, as quite

distinct from the tentacular bulbs ; and, moreover, that Will re-

peatedly denies that he ever observed any vibratory motion in their

contents. Neither does Will nor Milne-Edwards anywhere describe

these bodies as developed in the midst of the granular substance of

the bulb; for in cases, such for instance as Cytceis polystyla and

Thaumantias leucostyla, described by the former writer, where the

marginal vesicles are placed, not intermediate to the tentacles, but

beneath or covered by their bases, still they are said to be " immedi-

ately beneath the cuticle."

It would have been strange, however, had not such an accurate

and close observer as Prof. E. Forbes, noticed these bodies at all.

Such is not the case ; although he does not appear to have paid

any very close attention to them. In the description of Thaumantias

globosa (p. 46) it is said,
" here and there among the tentacles are

little colourless tubercles studding the margin ;" and in that of T.

inconspicua, which is not improbably the species I am describing, it

is noticed, that " between each pair [of tentacles] there is a rudimen-

tary marginal tubercle." AVith respect to Thaumantias quadrata,
Prof. E. Forbes notices and figures (Plate IX. fig. 2 c), what I presume
to be the marginal bodies, as " intermediate bulbs," from which it

might almost be presumed that he looked upon them as incipient

tentacular bulbs. In the figures also of

Thaumantias octona, Plate VIII. fig. 4 b and 4 e.

Thaumantias maculata, Plate IX. fig. 4 e.

Thaumantias globosa, Plate X. fig. 4 g.

Thaumantias inconspicua, Plate VIII. fig. 3.

Modeeria formosa, Plate VII. fig. 1 /.

Oceania turrita, Plate II. fig. 2 c and d.

Oceania episcopalis, Plate II. fig. 1 b.

Oceania octona, Plate II. fig. 3 b and c.

Are represented what I conceive to be the marginal corpuscles, but



29

merely as minute rudimentary bulbs. It would seem, therefore, that

Prof. E. Forbes has considered the cavity of the bulb in certain

species, in which occasionally an active vibratory or rather rotatory

movement of irregular-sized particles is to be observed, as corre-

sponding to the so-termed auditory vesicle of Will, &c. That this is

not the case, however, is abundantly clear, and, though speaking with

much diffidence, owing to the want of observation in a sufficient

number of species, I am inclined to agree, I believe it is with Will,

in thinking that the rotatory movement above described (in the

naked-eyed Medusa at all events) is to be referred to the existence

of a sort of vortex or torcular at the point where the cavity of the

bulb joins the marginal canal.

The true nature of these marginal bodies is still obscure ; but

from what has been noticed with respect to the intimate structure and

optical properties of the spherical body or bodies contained in those

of the naked-eyed class, it is not an improbable supposition, that

these little organs are visual and not auditory. Allowing also, as

can perhaps scarcely be denied, that the marginal vesicles above de-

scribed are homologous with the peculiar bodies regarded, I believe

by all, as the eyes of the covered-ej^ed species, this supposition would

appear to be much strengthened.

I would here also call attention to the remarkable fact, that these

marginal vesicles in the Gymnophthalmata, where present, are almost

invariably, if not always, sessile (Polyxenia and perhaps Cytceis, ac-

cording to Will, offering an exception), and contain but one or but

few spherical corpuscles ; whilst in the Steganophthalmata, as also in

the Beroidw, they are always pedunculated, and filled, not with sphe-

rical lenses, but with a mass of crystals. The former class would,

therefore, seem to have the better eyes of the two. It is to be re-

marked with regard to the chemical constitution of these lenses, that,

although their solubility in dilute acid with effervescence appears to

be universally allowed, and consequently that they are of a calcareous

nature, yet that in the naked-eyed species at least, upon immersion

of the Medusa in spirit of wine, these spherules immediately become

opaque, as an optic lens in other cases would.

The bean-shaped, granular, opaque substance, from which the pe-

duncle in the case of the Steganoplitlialmata springs or appears to

spring, may perhaps be regarded as homologous with the granular,

indistinctly fibrous mass, in which the internal cyst containing the

lens is partially imbedded in the other.
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In an excellent and most valuable paper by Mr. Huxley, on the
"
Anatomy of the Medusa," published in the last part of the ' Philoso-

phical Transactions,' and which has come into my hands since the

above observations were written, I am glad to find that the account

given of these marginal corpuscles, agrees very nearly if not exactly

with that contained in my paper, and as far as they go, with the prior

observations of Will on the same bodies. Mr. Huxley does not,
'

however, express any opinion, or even use any term, from which his

notion of the true nature of these bodies can be deduced.
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V.—The "
Disk-cutter," a New Instrument for cutting circular Disks

of thin Glass for Mounting Microscopical Objects. Also the

description of a Collecting Stick for procuring Infusoria, dtc.

By George Shadbolt, Jun., Esq.

(Read October 25th, 1848.)

As the principal object of the meetings of this Society is the inter-

change of ideas among the members, on all matters connected with

microscopical science, I shall make no apology for describing the

subjects of the present paper, considering, that they may be of in-

terest to some, and that it is preferable to occupy attention for a

short time, for that which may prove of little value, rather than by

abstaining from doing so, running the chance of leaving uncommuni-

cated what may possibly prove of use.

Few people who have made
much use of a microscope, can

have failed to appreciate the use

of circular disks of thin glass for

mounting some objects (particu-

larly such as require to be in

cells) and for other purposes,
such as repairing a broken live-

box, &c. Having myself con-

stantly found occasion for glass

disks, and as frequently as not

found that what I had by me
were not of a suitable size, I

made use of various schemes for

cutting them, and after reject-

ing several, contrived the instru-

ment figured in the annexed

drawing, which I find answers

the purpose completely.

A steel rod, a a, runs through
a brass tube, b, having at one

end an ivory head or handle, c,

and at the other a cylinder of

wood, d, about the same dia-

The tube has attached to its lower extremity,meter as the tube b.
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and at right angles to it, a small flat piece of metal, e, of the form

of a trapezium, having in it a triangular hole, through which

a triangular bar, / g, works, which bar has at the extremity, g, a

flat piece also projecting at right angles from it, and in the opposite

direction to the piece, e. Through the piece, g, is drilled a circular

hole to carry a small cutting diamond, h ; at i and j are two screws

with milled heads, the former for holding the diamond firmly, and

allowing it to be adjusted to its best cutting edge, or to be removed ;

and the latter for holding firmly the triangular bar, /, after it is ad-

justed, so that the diamond point will be distant from the centre of

the cylinder, d, equal to the radius of the circle required to be de-

scribed. The triangular bar may have marked on it a scale for fixing

it to any requisite radius. Attached to the brass tube, b, is a wooden

disk, k. The tube is about half an inch shorter than the steel rod

which runs through it, and the former turns on the latter easily.

The lower end of the cylinder of wood, d, should be made quite flat,

and roughened by sand-paper.

To use the instrument, take hold of it by the brass tube just above

the wooden disk, k; with the fore finger and thumb of the right hand,

place the end, d, on to the thin glass to be cut, and hold the ivory

handle, c, with the left hand, so that the rod is in a perpendicular

position ; allow the diamond point to come down upon the glass, and

cause the whole, with the exception of the steel rod, to revolve,

exerting a slight pressure on the disk, k, according to the thickness

of the glass to be cut. When the revolution is complete the disk will

readily separate.

In collecting Infusoria, &c, for microscopical investigation, it is

often necessary to approach pools of water in very swampy localities,

as it is in such situations that the best specimens are most frequently

met with; for this and for other reasons a long stick to hold the

bottle for procuring them is highly useful.

I, in common with many others, have found an ordinary
"
walking-

stick fishing-rod," or rather, the two lower joints of it, very conve-

nient for the purpose. Various contrivances have been resorted to

for the purpose of attaching the bottle to the stick, and it is my
method of doing this, that I purpose describing. I should premise,
that the points I have aimed at achieving are, first, capability of

holding a bottle of any reasonable size, and secondly, capability of

being included within the stick, so that with stick alone, and a bottle

or two of any kind, that may be at hand, in the pocket, one would be

TRANS. MIC. SOC. VOL. m. F
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ready to appropriate any animalcules that fortune might throw in the

way.

Fig. a, shows the stick when packed up ; I, being a

wooden top, and m, a brass ferrule, both of which un-

screw. The cane being hollow, contains a smaller

one, also hollow, and in this smaller one is a slip of

thin whalebone. Fig. b, shows the brass end which is

sm

Fig. B. Fig. C.

fitted on to the inner cane ; this brass piece having a

flat hole (shown at o), running longitudinally through
it ; also a small screw hole in the side (shown at p).

Fig. c, shows the brass ferrule detached from the

outer cane, and which is furnished with a small screw,

q, to fit the hole, p, in fig. b. The slip of whalebone

should (after being taken out) be folded with its two

ends together, and both of them be inserted into the

flat hole, fig. b, o, thus forming a hoop, fig. d, r, into

Fig. D.

which the neck of the bottle to be used is to be placed ;

the whalebone is then to be pushed as far into the

hole as it will go, and the screw, q, of the ferrule,

fig. c, screwed into the small side hole, p. This will attach the

bottle firmly to the stick, which can be used by itself or added to the

outer cane to lengthen it, as occasion may require.

Note by the Editor.

At the succeeding meeting (November 22), the Assistant Secretary

produced and described an exceedingly simple modification of this

collecting-stick. It consists merely of a strip of thin whalebone, a
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quarter of an inch wide, and about eighteen inches long, and three

brass curtain-rings. Two of these rings fit loosely over the end of a

common walking-stick. The strip of whalebone is bent into a loop,

and the ends being applied to the sides of the end of the stick, are

firmly secured by two of the rings ; the one being brought up over

them from below, and the other applied at the upper end, leaving an

interval of two or three inches between them. The third ring, which

is considerably smaller than the other two, is employed for contract-

ing the sides of the fig. i. fig. 2.

aperture formed by the

strip of whalebone : a

smallwide-mouthed bot-

tle with a rim being
now slipped into the

loop is held firmly, and

can be employed in

collecting animalcules.

When no longer requir-

ed, the whalebone and

rings can be instantly

removed, and the appa-
ratus becomes an ordi-

nary walking-stick. By
using rings of suitable

sizes, the same contriv-

ance can be applied with

equal facility to an um-

brella. The advantages
of this modification are,

its extreme portability,

its cheapness (the whole

cost not exceeding a few

pence), and the readi-

ness of its application

to articles ordinarily

carried by persons in

their country excur-

sions. The accompa-

nying figures will fully explain the mode of fixing this piece of appa

ratus to a walking-stick and umbrella.

r
1
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VI.—On the Markings on the Scales of the Amathusia Horsfieldii.

By Warren de la Rue, Esq., F.R.S.

(Read December 20th, 1848.)

Between two and three months since, my attention was directed

by Mr. Topping to some peculiar markings on the scales taken from

a wing of one of the Lepidoptera ; the peculiarity, in his opinion,

consisted in the markings being minute scales or featherings upon
the upper surface of the ordinary scale, certainly a very remarkable

structure if its existence were corroborated. With the view of test-

ing the accuracy of this opinion, the object was brought to me for

examination with a one-twelfth object-glass, as Mr. Topping had at

his command no power higher than a one-fourth of sixty degrees,

which he rightly judged was insufficient to enable him to form a cor-

rect opinion as to the reality of the structure exhibited. On sub-

mitting the scales to a scrutiny under a one-twelfth of one-hundred-

and-ten degrees aperture, the object being illuminated with a one-

fourth of sixty degrees, the illusion of the small featherings was

immediately dispelled, and the markings shown to consist of rows of

dots, immediately over the strise, or else to arise, partly or entirely,

from constrictions of the striae themselves. The real nature of these

markings, and their exact position on the scale have, however, been

the subject of much discussion amongst my friends ; and this is not

surprising, when we reflect that markings on one layer of a series of

superposed membranes, must necessarily interfere with the definition

of those on another, and that this difficulty increases as the thickness

of the membranes decreases. Hence the great desideratum of an

object-glass of large aperture, and allowing of sufficient distance be-

tween itself and the object, for illumination of the latter as an opaque

body by reflected light, such an objective would at once remove the

difficulty alluded to, as regards the outer surfaces of an object, and
would afford many other facilities in the investigation of minute

structures.

With the idea that the distribution of lithographs of remarkable

objects amongst microscopists was desirable, I amused myself in my
leisure by making a drawing of one of the scales on stone, not intend-

ing to pursue the subject any further ; Mr. Topping, having, however,
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procured for me a perfect specimen of the insect, and assisted me in

mounting numerous scales, taken from various parts of the wings, an

opportunity was afforded me of extending the inquiry, and I was in-

duced to draw up the present communication, under the impression

that the result of the investigation might have some interest for the

members of the Society.

I may premise that the insect, from which the scales were obtained,

is the male Amathusia Horsfieldii (Kollar) or the Amathusia Inachus

(Boisduval), it is represented at Plate VIII. fig. 8 ; the colour of the

upper surface is a deep brown, of velvety aspect, besprinkled with

blue near the shoulders, the upper wing being marked with a broad

orange band, and two small white spots. The under surface of the

wings is of a pale brown, richly marked with a darker brown.

The scales of the Amathusia Horsfteldii vary considerably in size,

shape, and in the distance and character of their markings, even

when taken from the same part of the wing. In Plate VIII. are de-

lineated some of the more remarkable scales, as seen when magnified
two hundred and ten diameters ; a dozen plates, however, would not

contain all the varieties. Figs. 1, 3 and 4, represent scales from the

under side of the upper wing near the shoulder. In fig. 1, the longi-

tudinal strise are a ten-thousand-two-hundred-and-fiftieth of an inch

distant, and tolerably regular, the transverse strise being as close as

from a thirty-thousandth to a twenty-thousandth of an inch ; the

latter when magnified eight hundred diameters, split into very dis-

tinct dots. The longitudinal and cross striae of the scale (fig. 3)

are about a ten-thousandth of an inch apart, the markings having
the character of those represented in the large drawing, Plate IX.

In the scale (fig. 4) the longitudinal strise are a twenty-thousandth of

an inch apart, and the cross striae a thirty-five-thousandth of an inch.

Figs. 5 and 6, represent that modification of the scale which con-

stitutes the hair, and fig. 7 a narrow scale, of a structure approxi-

mating to that of the hair
; these were taken from the top side of the

under wing, near the body. Neither cross nor longitudinal striae can

be made out with distinctness, though the same structure is seen to

exist, but so much compressed, as to render its definition difficult ;

the hair was measured and found to be the three-thousand-seven-

hundred-and-fiftieth of an inch broad.

Figs. 9, 10 and 13, are from the under side of the tip of the upper

wing. In fig. 9, which is one of the scales possessing the peculiar

markings, the longitudinal striae are from a ten-thousandth to a six-

thousand-eight-hundredth and a five-thousandth of an inch apart, the
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transverse being from a twenty-thousandth to a ten-thousandth. In

the scale (fig. 10), the longitudinal stria? are a thirteen-thousandth,

and the cross stria? a thirty-thousandth of an inch apart, and are not

very distinct. In the scale (fig. 13) the longitudinal stria? are from

a twenty-thousandth to a thirteen-thousandth of an inch apart, the

cross strife being a thirty-thousandth of an inch distant.

Figs. 11, 12, 14 and 15, are from the upper side of the tip of the

upper wing ; in the scale (fig.
1 1) the longitudinal stria? are a twenty-

thousandth of an inch, and the cross stria? from a thirty-thousandth to

a twenty-five-thousandth of an inch apart ; both are very distinctly

brought out by a power of eight-hundred diameters. In fig. 12, the

longitudinal stria? are a fifteen-thousandth, and the cross stria? from

a thirty-five-thousandth to a thirty-thousandth of an inch apart. In

fig. 14, the longitudinal stria? are a ten-thousandth, and the cross striae

vary from a thirty-thousandth to a twenty-thousandth of an inch

distant. In fig. 15, which represents one of the characteristic scales,

the longitudinal stria? are from a ten-thousandth to a seven-thou-

sandth, and the cross stria? from a thirteen-thousand-five-hundredth

to a ten-thousandth of an inch apart. All these drawings were made

with the aid of the camera, the details being filled in on the stone by
the eye ; the scale of thousandths of an inch which accompanies
them was likewise set off by the camera. The measures are from

centre to centre of the markings.
I now come to the consideration of the real nature of the markings

of the Amathusia Horsfieldii ; before doing so, however, I wish to

call attention to a paper by my friend Mr. Bowerbank, entitled ' On
the Structure of Scales on the Wings of Lepidopterous Insects.

' *

This gentleman, after minutely describing the methods adopted to

dissect out, and exhibit the structure of the scales, comes to the

conclusion that they consist of three distinct layers, viz., the upper

membrane, which contains the colouring matter; the striee, which

constitute the frame; and lastly, the under membrane, which is

nearly colourless ; and finally, that the stria? are in reality tubes.

In Plate IX. is delineated one of the characteristic scales magni-
fied eight-hundred-and-twenty-five diameters. The outline of this

drawing was first made with a power of two-hundred-and-fifty

diameters, and by means of proportional squares enlarged to

the size corresponding to the magnifying power produced by the

twelfth; a scale of thousandths of an inch being set off with the

* '

Entomological Magazine,' Vol. v. page 300.
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camera in each case, to afford the standard of comparison. The

drawing was then corrected in detail, by portions set off with the

higher power, which were found to match the enlarged drawing with

tolerable accuracy; in this way a very fair representation of the

scale and its markings was produced. The cross stria?, when viewed

with a twelfth of a hundred-and-ten degrees aperture, and illu-

minated with a quarter of sixty degrees, used as an achromatic

condenser, and adjusted well to focus, came out under a power of

eight-hundred-and-twenty-five diameters in beaded lines, on which

protuberances were distinctly seen; these latter, when focused at

their summits, appeared as brown dots. The longitudinal stria?,

under the same circumstances, have likewise a somewhat corrugated

appearance, but not so marked, and at the upper surface similar dots.

In Plate VIII. fig. 2, accompanied by a scale of ten-thousandths of an

inch, is represented a portion of the stria? at the lower focus, as seen

with a power magnifying nineteen-hundred diameters, though the

drawing is made for convenience, to a scale of forty-four-hundred to

one. The scale when viewed from the under side with this power,
exhibits the lower membrane as slightly undulating, probably from

its being dry.

Some of my friends have thought that the constricted appearance
of the cross stria?, just described, is due to the overlaying pigment-
cells ; this, in my opinion, is not correct ; as I have convinced

myself by careful and repeated examinations, more especially from

the under side, that the stria? themselves are really beaded ; it is true

that the pigment-cells correspond very exactly in position with the

stria?, which is very remarkable ; but, in some of the deeply coloured

scales there is a granulated appearance covering the entire surface

of the scale very uniformly, in which the constricted appearance of

the striae is even more apparent. Hence it would appear that the

peculiarity in the markings of the Amathusia Horsfieldii is due, not

to their consisting of minute scales, but to the superposition of pig-

ment-cells exactly over the beaded striae; the transverse markings

exhibiting the appearance most strongly. I do not see that there is

anything in this assertion which is antagonistic to Mr. Bowerbank's

view of the structure of similar scales ; for though he did not remark

that any of the stria? were constricted, yet that they may be so, and

still be tubular, is evident ; indeed, as regards the number of layers

and general structure of the scales of Lepidoptera, my experience

agrees fully with his view. The number of beads in the cross striae

of the Amathusia are from two to four ; they are not globular, but,



40

on the contrary, vary much in their shape, and are connected together

by a broad neck. The pigment-cells at the upper focus, present the

appearance of a sort of irregular net-like covering to the upper mem-
brane of the scale ; this is lost sight of as we focus downwards, when
the beaded striae come into view. The distance of the longitudinal

striae of the scale, shown in Plate IX., is from a ten-thousand-five-

hundredth to a six-thousandth of an inch, and that of the cross

striae from a twenty-thousandth to a ten-thousandth of an inch.

In conclusion I would remark that the crumpled structure of the

striae on the scales of the Lepidoptera has long been familiar to me ;

and since studying those of the Amathusia Horsfieldii, I have again
examined several, and found the characters now described common,
in degree, to a great number; they are, however, developed in a re-

markable manner in those of the insect now under consideration.

EXPLANATION OF PLATE VIII.

Fig. 1 . Scale from under side of upper wing of Amathusia Horsfieldii.

Fig. 2. Portion of a scale magnified 1900 diameters.

Figs. 3 and 4. Scales from under surface of upper wing.

Figs. 5, 6 and 7. Hairs of A. Horsfieldii.

Fig. 8. Amathusia Horsfieldii. Male.

Figs. 9 and 10. Scales from under side of tip of upper wing.

Figs. 11, 12, 14 and 15. Scales from upper side of tip of upper wing.

Fig. 13. Scale from under side of tip of upper wing.

EXPLANATION OF PLATE IX.

Characteristic scale of A. Horsfieldii, magnified 825 diameters.
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VII.— A Description of a new form of Hair from a species of

Tarantula. By George Shadbolt, Esq.

(Read April 25lh, 1849.)

In examining the hairs and other cuticular appendages of animals,

we cannot fail to be struck with the beauty and variety of the forms

disclosed by the aid of the microscope ; and as it is to be presumed
that every modification of form and structure is intended to serve

some particular end, it would be a highly interesting study, to en-

deavour to trace out the purpose for which each variation in these

appendages is designed. In order to attain this end, it is advisable

to collect as many facts relating to the subject as possible, for the

purpose of comparison, and it is much to be regretted that so few

have been placed upon record.

For such as we are acquainted with, we are chiefly indebted to the

researches of our worthy president (Mr. Busk), and secretary (Mr.

Quekett) ; and as regards that branch relating to the scales of butter-

flies, &c, we have recently been favoured with a highly interesting

paper by Mr. De la Rue : but there are doubtless many points of in-

terest connected with this very extensive class of objects, which are

known to individual observers, but which, for want of being commu-

nicated otherwise than by mere conversational remark, are lost to all

but the immediate parties concerned; and thus, those who might
otherwise be desirous and able to consider this subject as a whole,

are deterred from doing so, it being almost impossible for one observer

to make researches into every branch of it.

In offering this paper to the Society, I do so chiefly with a view of

inducing others, acquainted with any facts relating to hairs in general,

to communicate them in a written form ; for as our president truly

remarked in his address on the occasion of our anniversary meeting,

no facts, however trivial they may individually appear, are unworthy
of being recorded, as in the aggregate they become of considerable

value. It is simply with the purpose of aiding in carrying out this

object, that I offer these remarks, and my communication is nothing

TRANS. MIC. SOC. VOL. HI. G
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more than the description of what I believe to be some forms of hair

not hitherto noticed.

The specimen, from which the hairs I am about to describe were

taken, is one of the Tarantulidce, and was brought to me for exami-

nation by my friend, Mr. G. E. Newth (a member of the medical

profession), in whose possession it has been for several years. It

was originally found alive amongst some logwood, from what precise

locality I am unable to learn ; it is, however, unquestionably a native

of the tropical parts of the western hemisphere.
The animal is entirely covered with short, closely set hairs, so as

to appear as if formed of velvet, of a dark brown colour, except the

abdominal portion, which is of a dark red tint, and interspersed pretty

numerously amongst the short hairs are some longer ones, of a light

brown.

On examining these various hairs with a good quarter-inch object-

glass, they are seen to be of a very compound character ;
those from

the thorax or limbs of the animal, as shown in Plate X. fig. 1, con-

sisting of a central shaft, most probably cylindrical, around which are

disposed an immense number of small hairlets, generally covering the

whole length of the hair, so as to make it resemble in appearance a

mouse's tail or a lady's boa. The small hairlets are arranged in lon-

gitudinal rows, but whether in their transverse direction the points

of attachment are in whorls, or alternate, or spiral, I have not been

able to determine.

The longer hairs appear to be of a precisely similar character to

the above, but of larger diameter and with a greater number of hair-

lets, and both kinds appear to have either a central cavity, or at any
rate a structure admitting of the passage of fluid. I am also disposed

to think, that the number of longitudinal rows of hairlets on each of

the smaller hairs, is four, but of this point I am not yet quite

certain.

I stated previously, that the dorsal part of the abdomen is of a

dark red colour : the hairs from this part are also of a very compound
character, which for peculiarity of conformation I have never seen

surpassed, even by the scaly hairs of the Indian bat, or the arrow-

headed variety from the larva of the Dermestes. They are perhaps
more like feathers than hairs, and consist, as shown in Plate X. fig. 2,

of a central shaft, formed somewhat like a flattened cylinder, tapering

to a point at the base where it is inserted into the cuticle. This

basal portion, consisting of about one-sixth part of the total length of
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the hair, has some slight lateral appendages in the form of very ob-

tuse pointed projections, so as to give that part a somewhat crenated

appearance at the edge. On viewing these edgewise, they are seen

to be confined to the thinnest edges of the flattened cylindrical shaft.

From the point where these slight projections terminate, to about

five-eighths of the length of the hair from the base towards the

other extremity, there are also attached to the shaft, in the same

plane with the projections just described, a number of flattened

blades, having their free ends pointed, something in the form of a

lancet. These incline at an acute angle with the shaft, the points

being towards the terminal extremity of the hair, and there are

about sixteen or seventeen of these blades on each edge of the

central shaft. There is an internal passage up the shaft, and I am

pretty certain that it extends also up the blades. Beyond these six-

teen or seventeen blades the shaft is continued for the remaining

three-eighths of the length, but instead of being smooth on the

broader surfaces as hitherto, it is covered by a considerable number

of slightly elevated, obtusely pointed projections, having their apices

turned towards the base of the hair. The most remarkable feature,

however, is, that within a short space of the termination of each

hair, there are on each side of the central shaft, six more blades,

each formed like those at the lower part as regards their sectional

shape, and lancet-like point, and they are also in the same plane
with them, but these latter six pairs of blades are curved and point

towards the base of the hair, that is in a reverse direction to the

others, and thus appear like so many barbs. Those nearest the

end of the hair are somewhat longer than the others, so that the

whole twelve together have an oval-formed outline. There is a

slight projection beyond the last pair of blades, as if the shaft were

continued a slight distance beyond them.

All the dark red hairs on the dorsal part of the abdomen appear
to be of this remarkable construction, and it is the only part of

the animal on which I have found this last described form; the

other parts being all covered with those previously adverted to.

Now the brown hairs seem, from their construction, to be beau-

tifully adapted for preventing the sudden alteration of temperature

affecting the parts protected by them, and also for opposing the

access of parasitic enemies from without, in consequence of the

compact manner in which they fit together, and the peculiar ar-

rangement of the small hairlets, and it is therefore probable they

}-.
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may answer one or both of these purposes ; but with regard to the

red hairs, which I last described, I am totally at a loss to conjecture

a probable purpose they may be designed to serve, and I shall be

glad to hear any suggestions on the point.

Both kinds of the shorter hairs are from the tenth to the eighth

of an inch in length.

EXPLANATION OF PLATE X.

Fig. 1 . Hair from the upper surface of the body of a Tarantula.

Fig. 2. Hair from the under surface of the body of the same Tarantula.
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VIII.—On a peculiarform of Elastic Tissue found in the Ligamentum
Nucha of the Giraffe. By John Quekett, Esq., Assistant

Conservator of the Museum, and Demonstrator of Histology
at the Eoyal College of Surgeons of England.

(Bead April 25th, 1849.)

Two kinds of fibrous tissue, viz., the white and the yellow, are now
familiar to most anatomists. They differ from each other in many
respects, but chiefly in their ultimate structure, their physical pro-

perties, and their colour ; both are largely employed in the animal

economy, but principally in those parts subservient to the functions

of locomotion.

The white fibrous tissue is (when perfectly cleared of the areolar)

of a silvery lustre, and is composed of bundles of fibres running for

the most part in a parallel direction, but if there be more than one

plane of fibres they often cross or interlace with each other ; in some

specimens it is difficult to make out the fibres distinctly except in

certain lights, and in these cases it appears that this tissue may be

composed of a longitudinally striated membrane, which may now and

then split up into fibres.

The white fibrous tissue is principally employed in the formation

of ligaments and tendons, a purpose for which it is admirably fitted

on account of its inelasticity ; it also is concerned in the formation

of fibrous membranes, viz., the pericardium, dura mater, periosteum,

perichondrium, the sclerotic coat of the eye, and all the different

fasciae.

It is sparingly supplied with blood-vessels and nerves ; the former

always run in the areolar tissue connecting the bundles of fibres to-

gether, but in the generality of the fibrous tissues the blood-vessels

are not well seen except in the dura mater and in the periosteum.

The yellow fibrous tissue is highly elastic ; it consists of bundles of

fibres covered with and connected together by areolar tissue; the

fibres are of a yellow colour, in some cases round, in others flat-

tened; they are not always parallel, but frequently bifurcate and

anastomose with other neighbouring fibres. It is always rather

difficult to separate the fibres from each other, and when they are

separated, the elasticity of each individual fibre is shown by its
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tendency to curl up at the end. The fibres in the human subject

vary in diameter from the one-five-thousandth to one-ten-thousandth

of an inch. The acetic acid of ordinary strength does not act on the

yellow fibrous tissue, nor after maceration in water or spirit for a

very long time does its elasticity diminish. Very long boiling is

said to extract from it a minute quantity of a substance allied to ge-

latine, but no nuclei or trace of cells can be seen in it when acetic

acid is added ; these, however, are very readily shown when the white

fibrous element is treated with this acid.

The yellow tissue is best seen in the Ugamentum nucha of quadru-

peds ; it also occurs in the ligamenta subflava of the spine, in the

larynx, in the trachea, and in the transversalis fascia, and various

other parts of the body ; the finest example of this tissue is to be

found in the neck of the giraffe. In November, 1846, I removed

from the neck of a large giraffe which had died in the gardens of the

Zoological Society, in the Regent's Park, the entire Ugamentum
nucha ; when in situ it was six feet two inches in length ; on sepa-

rating it from its several attachments to the spinous processes of the

vertebra?, it immediately contracted to four feet ; its weight was up-

wards of eight pounds ; in its centre it was three inches in diameter,

and consisted of an elongated cylindrical portion which received con-

siderable addition to its under surface from the spinous processes of

the four lower cervical vertebra? ; these portions of the ligament
were much flattened, and about one inch in thickness. With the ex-

ception of a strong sheath of areolar tissue which passed into its

interior, and separated some of the bundles of fibres, the entire liga-

ment was composed of yellow elastic tissue. *

When a portion from the outer surface of the ligament was exa-

mined with a power of two hundred diameters, it was found that

each fibre presented the usual curled extremities so characteristic of

this form of tissue ; but what was most remarkable, the individual

fibres" exhibited a series of transverse markings or stria?, somewhat

resembling those of Jibrillce of voluntary muscle in particular ani-

mals. The transverse markings occur at nearly regular distances,

and appear to be produced by the puckering up of an internal mem-

brane, whereby minute cells or spaces are formed like those occurring

in the hairs of some of the smaller Mammalia. A few of the fibres

are represented in Plate X. fig. 3, as seen under a power of fifty dia-

meters, and portions of others magnified five hundred diameters, are

shown in fig.
4

; in both these the peculiar striated condition is well

exhibited. The diameter of the largest fibres is about the one-five-
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hundredth of an inch, whilst others sometimes occur as small as the

one-two-thousandth. When the striae were first observed, the liga-

ment was in one piece ; since then it has been divided transversely

in many places, and it has been found that fibres from the centre,

although more dense than those from the outer surface, and of much

larger size, do not always present transverse markings ; in these,

however, a linear stripe may occasionally be seen, which would ap-

pear to afford an indication of a tubular character. For the sake of

comparison, some of these last-mentioned fibres are represented in

Plate X. figs. 5 and 6, under the same magnifying power as those of

the striped variety ; in fig. 6, may be seen some examples of fibres

having the stripe in the centre. In order to show how much larger

these fibres are than those from the ligamentum nucha of the sheep,

two specimens from the latter animal are given, in figs. 7 and 8, both

being viewed under the same powers as those from the giraffe.

As a striated form of elastic tissue has, I believe, never yet been

noticed by any anatomist, and as the discovery of a new variety of

animal tissue is not of every-day occurrence, I have ventured to

bring the subject before the notice of the Society on the present oc-

casion ; for it would appear, that this peculiar kind of elastic tissue

would form a link between the true striated muscular fibre, and the

ordinary elastic tissue, found either in the ligamentum nucha of

quadrupeds, or that in the coats of arteries, in areolar tissue, or in

any other of the textures of the animal body, where some substance

of an elastic nature may be required.
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EXPLANATION OF PLATE X.

Fig. 3. Yellow fibres from the outer surface of the ligamentum nucha of the giraffe,

showing transverse stria.

Fig. 4. A portion of the same more highly magnified, showing the true shape of the

striae, and the fact of their not extending across the entire diameter of the

fibres.

Fig. 5. Yellow fibres from the interior of the ligamentum nucha of the giraffe, show-

ing the absence of the striae.

Fig. 6. A portion of the same more highly magnified, showing faint indications of

the central linear stripe.

Fig. 7. Yellow fibres from the ligamentum nuchas of the sheep.

Fig. 8. A portion of the same more highly magnified.
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IX.—On the Structure of the Siliceous Loricce of the genus Arach-

noidiscus. By George Shadbolt, Esq.

(Read November 14, 1849).

The name Arachnoidiscus (appropriately chosen from the re-

semblance borne by the markings on these shells to the disposi-

tion of the filaments in a spider's web) was conferred on the genus

by Mr. Henry Deane, the first observer who discovered entire spe-

cimens of it. Single valves had, however, been previously met with

by Mr. Topping, Mr. Deane, and also by myself, amongst the

siliceous remains of infusorial animalcules from the Ichaboe guano,
but only very sparingly scattered.

In a paper read by Mr. Deane, at one of the meetings of this So-

ciety, he mentions having met with entire specimens of the Arach-

noidiscus on some sea-weed from Japan, the sea-weed having been

prepared or preserved as an article of food
; and I understand he

has since met with them on another marine Alga from a different

locality.

Mr. Marshall has, at least, one very beautiful species, which, I be-

lieve, he obtained from Professor Bailey, of New York ; and about

two years back I had given me, amongst other things, some Algre

brought by Mr. Moxhay from the Cape of Good Hope, having
attached to one of the specimens an immense number of individuals

of this genus ; hence it would appear that they are pretty generally

distributed about the globe, having been obtained from five different

localities lying so widely apart. The examination of these minute

organic bodies excites in the mind a high degree of interest, not

only from the exquisite beauty of the objects themselves, but also

from their relation to the fossil siliceous remains met with in all

parts of the world, sometimes in immense numbers, and in such infi-

nite variety of form. As some highly interesting and ingenious sug-

gestions have been promulgated respecting the former condition of

the strata, whence some of the fossil organic bodies have been ob-

tained, it appears to me, that the investigation of the structure of this

class of objects, whether fossil or recent, would tend to further the

TRANS. MIC. S0C. VOL. III. H
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deduction of still more important hypotheses. It is evident that

for the purpose of examining into the structure, recent specimens
are far superior to fossil ones.

Having repeatedly and carefully examined the structure of the

shells of the Arachnoidisci in various ways, I purpose detailing

a statement of the result of my investigations, particularly as in

some few points I differ with the conclusions arrived at by other

observers.

I trust that if the matter of this paper should be deemed uninte-

resting, I may be pardoned, from its being the means of placing in

the Society's possession the accompanying very beautiful drawing,

most accurately executed by Mr. Legg, who kindly undertook to

assist me by performing so difficult, but necessary, a part as the deli-

neation of the objects to be described.

The following observations apply to the shells alone, and not to

the animals inhabiting them (if animals they be), for although the

specimens I submitted to examination were recent, they were not in

my possession until they had been dried for some months.

These shells are not, strictly speaking, bivalves, although capable

of being separated into two corresponding portions ; but are more

properly multivalves, each shell consisting of two discoid portions

and two annular valves exactly similar respectively to one another.

Each of the discoid valves is also capable of a further separation

into two circular, but dissimilar portions, which separation, however,

is by no means easy of accomplishment, owing to the very fragile

nature of the substance of the shell : in fact, I have only been able

to effect this separation by accident, although this I have done suffi-

ciently often to satisfy me that all the discoid valves are composed
of the two portions adverted to, and this fact is capable of very dis-

tinct verification by another means to be presently described.

The two parts of the disks consist of, firstly, a very thin membrane,
somewhat flexible and elastic, and capable of resisting the action of

boiling nitric acid, and on this membrane are the characteristic

spider's-web-like markings, which have given rise to the name of the

genus. It is situated externally in both disks of each individual.

Plate XI., fig. 1.

Secondly, each disk is composed of a siliceous frame-work, admi-

rably adapted to support and strengthen the outer membrane, and

bears a very close resemblance to a circular Gothic window. Plate

XI., fig. 2.

Each of these portions I have been able to obtain separately, by
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boiling the disks for a considerable time in nitric acid, and then

carefully washing with distilled water, but it is only here and there

that the separation is effected, and still less frequently that the sili-

ceous frame-work is obtained entire ; but that each disk really con-

sists of these two portions is easy demonstrable by the following

mode of manipulation. Select as large a disk as you can meet with,

and with a very fine sable pencil place it on a convenient black

ground, and. place this under the microscope to be viewed as an

opaque object. If a T
4
oth inch objective be used, a side light will an-

swer very well. Now, on inspecting the disk thus placed, it will

present to the eye the appearance of either the membrane (fig. 1),

or the frame-work (fig. 2) ; and if it be removed from the stage,

and carefully turned over by means of the sable pencil (which can

readily be done if the specimen selected be of a tolerable size), it

will then present the contrary appearance to that at first exhibited.

That these two portions are really distinct, is also readily shown

by focussing up and down, which will show each portion in a distinct

plane.

As the method just described is only available for the larger spe-

cimens, and cannot be applied to mounted objects, I adopted the fol-

lowing manner of testing the same facts. Place a drop of water,

containing a few of the disks, on a square of thin glass, such as

is used to cover objects with, and when the water has evaporated, so

as to leave the objects dry, they will adhere to the glass; it is then

requisite to cover the objects with a similar piece of thin glass, and

mount the whole in the manner devised by Mr. Gillet, that is,

by attaching the two pieces of glass, with the object included, to a

slip of wood or other material, having as large a hole in it as the

size of the slide will allow. The slide is then to be placed on the

stage of the microscope, and viewed as a transparent object with

the achromatic condenser attached. Having selected any individual

to examine, produce the smallest possible spot of light by adjusting

the achromatic condenser, then turn back the body of the instru-

ment, and with a fine camel's-hair pencil, with a little carmine or

Indian ink, draw around the spot of light a light line, so as to in-

sulate the particular individual selected. By varying the form of

the insulating line, such as drawing a circle around one, a triangle, a

square, or a diamond around others, several on the same slide can

be particularised. The achromatic condenser is then to be removed,

and the smallest of the dark wells put in its place. The lieberkuhn
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must also be attached to the object-glass, and on examining as an

opaque object any one of the disks, the slide can be turned over, and

the same disk readily be recognised by means of the lines around it ;

and thus, however minute, both sides may be inspected.

In viewing these disks as transparent objects mounted in balsam,

it is by no means easy to determine whether they have or have not

a central aperture, and polarized light renders no assistance in doing
so ; but on mounting them as above described, or on a black disk,

and viewing as opaque objects, it becomes indisputably evident that

a central opening is present. When in situ, these openings are par-

tially covered internally by a delicate cup-like process, so as to form

a species of valve ; hence, when the shells are attached to the Alga,

and are viewed even as opaque objects previously to their undergo-

ing any sort of manipulation, it is not satisfactorily shown that the

apertures exist in every specimen. I consider it highly probable

that at these openings the nutriment is taken in, and from the pecu-

liar radiated arrangement of the siliceous parts immediately around

them, it seems not improbable that the animals may be provided
with organs somewhat resembling in arrangement the tentacula of

Madrepores. This is supposing the objects to be of an animal

nature, of which I confess I think there is very little doubt.

With regard to the two annular valves previously mentioned, they

are situated between the two discoid ones, and thus the whole shell,

when in its natural state, resembles, like those of some other genera,

a circular snuff-box. These valves consist of a siliceous ring, within

which (extending a slight distance towards the centre) is an annular

membrane, and when in situ the valves are placed so that the mem-
branes of each valve are in contact, and thus the space included be-

tween the two discoid valves is partially divided into two (not three)

chambers. The membrane is so thin, that when mounted in bal-

sam it is not visible ; I have, however, been able to detect it upon
one or two occasions, when it has got accidentally discoloured. It

can, however, be readily seen by breaking away the upper valve from

a specimen when attached to the Alga, and also when mounted be-

tween the two pieces of thin glass. Plate XI., fig. 3.

It is somewhat difficult to make out whether there are two, or only

one, of these annular valves, when the shell is entire ; they can, how-

ever, under favourable circumstances, be defined, even while attached

to the Alga, but if -this latter be soaked in water, a few of the shells

can sometimes be removed entire, and by examining them between
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two slips of glass, in some very fluid balsam, the portions can some-

times be separated while under the field of the microscope, by sliding

one piece of glass over the other.

Now, with regard to the observations of others, connected with

this genus. I am informed by Mr. Henry Deane, that he has rea-

son to believe that some at least of the individuals are attached to

the Alga by a short pedicle, and, I believe, he considers it to be of a

siliceous nature.

In all the specimens I have examined I am satisfied there is no

trace of such an appendage, but that they are all sessile, and the su-

perior and inferior valves correspond exactly in all respects. I can-

not but imagine, that the radiated structure of the central orifice

must have deceived Mr. Deane, in this point, possibly in con-

sequence of his not having viewed the valves, when detached from

each other, as opaque objects.

I was informed by Mr. Marshall that he considered these shells

were disposed one above another in a sort of column, in a similar

manner to the shells of the Gallionella, but I have not been able to

find a single instance in which they were so placed. I scarcely

know that I am justified in recording this as Mr. Marshall's opinion,

and I question much if he now holds it. I only mention it, as it

brings me to the consideration of the mode of propagation, a point I

have not been able to arrive at. I have generally found these shells

scattered singly all over the Alga, but in one or two instances I fan-

cied I met with them double (that is, one on the other), or pro-

gressing towards that state. It is not improbable that the mem-
branes named as attached to the two annular valves may, possibly,

be extended and developed into valves similar to the discoid ones,

and thus propagation may be performed by self-division, as in

many of its congeners.

There is one consideration unfavourable to this view, as also to

that at first adverted to, namely, that they are found of all ima-

ginable diameters from -004 to '014 of an inch, scarcely any two

being precisely the same, though if the method of propagation
above mentioned were correct one would expect to find many in the

same spot alike.

Another objection to this suggestion is, that the number of rays
in each individual is by no means constant, and in some of the speci-

mens there is, in one of the segments formed by the rays, an

evident tendency to divide, the rudiments of a new ray being very
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perceptible ; this appearance is by no means unfrequent, as scarcely

any slide I have mounted is deficient in furnishing one or more such

facts.

I must not omit to mention, that I discovered the fact of the cen-

tral aperture being covered internally by a sort of membrane, in con-

sequence of Mr. Legg having drawn my attention to an appearance

presented by one shell mounted in balsam which he has, in which

the membrane is present, but slipped a little from its place.

The various appearances described in the foregoing paper are ac-

curately represented in the drawings, which, by the kindness of

Mr. Legg, as I previously mentioned, I am enabled to lay before

you.

The objects themselves I shall have the pleasure of presently ex-

hibiting, and the accompanying slides I purpose depositing in the

Society's cabinet.

DESCRIPTION OF PLATE XI.

Fig. 1. The external membrane, as seen when detached from the inner frame-

work, or when viewed from the outside of the shell as an opaque

object.

Fig. 2. The inner frame-work as exhibited on a black disk as an opaque object.

Fig. 3. One of the two annular valves.

Fig. 4. The membrane and "frame-work united, as seen by transmitted light;

200 linear.

Fig. 5. The same, more amplified ;
500 linear.
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X,—Microscopical Observations on a Malady affecting the Common

House-Fly. By Cornelius Varley, Esq.

(Read November 14, 1849.)

The common house-fly is frequently seen dead and attached by
the trunk to the glass of windows, and other places, the glass

being rendered dim by a kind of white matter, which appears to

be exuded from the body of the fly. This appearance having
excited my curiosity, I was induced to turn my attention to the

subject, with a view to discover its cause, and I now take an op-

portunity of laying the result of my observations before the So-

ciety.

This dimness appears to be the result of a peculiar disease

affecting the fly, which manifests itself in the proboscis, the end

of which becomes charged with a viscid exudation, and upon the

application of the trunk to the glass of windows, &c, it adheres;

death soon follows, and the misty appearance is produced in the

course of a few hours, the body of the fly being always found

suspended by the end of the proboscis (Plate XIII., fig. 1, a).

In order to obtain a knowledge of the progress of this disease

from its earliest appearance, I cleared the windows, of one of my
rooms, of all flies in the state I have described, and setting my
children to watch, desired them to give me immediate notice of

any flies that might become thus attached. As soon as this oc-

curred, I removed them from the glass, placed them under the

microscope, and commenced observing attentively such changes
as might take place. For nearly half an hour there was no al-

teration ; but after that time, some of the divisions between the

scales of the abdomen began to appear white, as at k k, fig. 1.

This went on until the whole of these divisions put on the same

appearance. In some parts this white matter was produced in

such abundance as to meet that from another division across the

scales. In its earliest stage it appeared to be composed of my-
riads of round-ended cylinders, like b b, fig. 2 ; after a short time
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these became elongated, and put on the appearance given in

c c c. Their tops' now began to enlarge as in d, and gradually
assumed the form e e. There were two divisions in these elon-

gated cylinders, the one across the neck, g, and the other lower

down at h, the cell between these divisions, g and h, being filled

with granular matter. As soon as they had assumed their com-

plete form, circulation commenced in an oblique direction round
the head. It gradually quickened, and the heads were finally

driven off with violence by the bursting of the middle cell, g h,

and were projected in every direction. They adhered strongly
to whatever they touched, being surrounded with a viscid gummy
matter from the bursten cell, as in fig. 3, and it is to their

agency that the frosted appearance of the glass is due. Thus
so many were driven off against the object-glass as to render it

quite dim : I accordingly cleansed them off, and interposed a piece
of thin glass to receive them, and thus enable me to ascertain

their nature and form.

In fig. 4, I have represented one of these heads, with a portion

of the bursten cell. Fig. 5, gives their size, being about T*-oi>th

of an inch ; i i, represents the misty appearance produced by
their agency.

This disease is remarkably rapid in its development, for the

whole time tha| elapsed from the death of the fly to the ripening
and projection of the heads was not more than three hours.

The heads being always driven off whole, as in fig. 3, would

lead us to suppose that they were seed-vessels, but I can give

no opinion as to whether the disease is propagated from them

or from the disrupted cells.

I do not believe this to be any casual or accidental mildew

consequent on a disease, but the disease itself, for it always puts
on the same appearance, and as it always commences in the

proboscis, and as the death of the fly occurs before there is

any appearance of the growth of these white cylinders, we may
infer that the matter by which they are produced is highly poi-

sonous.

Having thus satisfied myself as to the usual progress of this

disease, I tried an experiment with these cylinders : I put some

of the flies, in which this appearance had commenced, under water.

In this case a considerable alteration took place, the cylinders no

longer producing heads as before, but growing thin and crooked,

like fig. 0.
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It appears to me that the most useful practical inference that

arises out of this investigation, is an inquiry how far human

beings are subject to diseases produced by similar causes ; and

we may also ask, may not some of those diseases which attack

people very suddenly, and without any appreciable cause, be oc-

casioned by something similar to that which produces this disease

in flies, the extraordinary minuteness of the germs causing such

maladies occasioning them to elude our keenest observation ?

TRANS. MIC. SOC. VOL. m.
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XL—On the Architectural Instincts of Melicerta ringens, an Animal

of the Class Rotifera. By P. H. Gosse, Esq.

(Read January 16, 1850).

Among all the aspects in which we regard the inferior animals,

perhaps there is not one more fascinating than that in which we see

them reflecting, as in a mirror, those actions in man which are the

result of reason or experience. The architectural instinct of animals,

in particular, by which they are impelled to form structures for the

protection of themselves or their progeny, affords some of the highest

treats which the naturalist knows. We hear with curiosity that the

man-like orangs of West Africa and of Borneo construct rude huts

among the branches of trees, in which they dwell ; and the elaborate

masonry of the beaver has been a theme of admiration for ages.

The nests of birds, the waxen cells of bees, and the papery edifices

of wasps, render these the most interesting of animals, as exhibiting

in beautiful prominence parental foresight and care, as well as con-

structive skill. But there is another class of animal structures of so

ambiguous a character that we scarcely know how to name them ;

we are in doubt whether the ingenious artificer should be denomi-

nated a mason or a tailor; whether he has made a house or a gar-

ment. I will not speak of the investing shell of the snail, or the

valves of the oyster, nor yet of the tubes of the beautiful organ-pipe
coral (Tubipora musica), for these are deposited secretions rather

than constructions. The larvae of the clothes-moths (Tineadce), how-

ever, cut off the fibres of our textile fabrics, and weave them into a

case of cloth ; the caddis-worms, so fainiliar to anglers (the larvse of

the Phryganeadce), collect little stones, shells and other extraneous

bodies lying at the bottoms of streams, and, fixing them with a glu-

tinous fluid from their mouths, form them into curious cylindrical

cases ; and I have, in America, seen the caterpillar of a moth (of the

genus Oiketicus), which cuts off the slender stems of plants and the

foot-stalks of leaves, and, dividing them into short lengths, builds up

piecemeal, by the aid of its silk, a tube, around its body. These

edifices all serve their owners for tents, into which they can retire,

or which they can leave at will ; while by the nature of their lining,
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and by the closeness of their investiture, they may be considered as

clothing.

The subject of the present paper is of this class of animal arti-

ficers. It is an animalcule, so minute as to be with difficulty appre-

ciable by the naked eye, inhabiting a tube composed of pellets, which

it forms and lays one by one. It is a mason, who not only builds

up his mansion, brick by brick, but makes his bricks as he goes on,

from substances which he collects around him, shaping them in a

mould which he carries upon his body.

Neither the animal itself nor its architectural habit is any new

discovery ; both the one and the other were made known at a very

early period in microscopical science. The illustrious Leeuwenhoek

discovered the species at Delft, in 1703, and described its appearance
and manners in the Phil. Trans, (v. 176, abridged edition). It was

afterwards noticed by many observers ; until, at length, in the mag-
nificent work of Prof. Ehrenberg, its past history was detailed, and

enriched by the addition of his own most admirable observations.

As, however, my own observations on this animal were made be-

fore I had seen those of either of these illustrious microscopists, and

as, in the most interesting part of its economy, they disagree with the

conclusions of the latter, and add something to those of the former,

I shall commence with a brief description from my own notes.

Attached to the roots of Lemna, or the narrow leaves of Chara, Ni-

tella, Ceratophyllum, and other sub-aquatic plants, may often be ob-

served a tube, a little wider at the top than at the bottom (Plate XII.,

fig. 4). It stands erect, being fixed by the base, which is sometimes

dilated ; the mouth being uppermost. This tube is of a dark yellow-

ish or reddish brown hue, and is found to be composed of a multi-

tude of round pellets, set very regularly in a sort of mosaic, apparently

agglutinated by a cement insoluble in water. The upper part or rim,

is usually irregular, as if broken off with a ragged edge (fig. 2, a).

But while we gaze, a curious object is slowly protruding from this

tube. A complicated mass of transparent flesh appears, involved in

many folds, displaying at one side a pair of hooked spines (fig. 2, b),

and at the other, two slender truncate processes, projecting horizon-

tally (fig. 2, e). As it exposes itself more and more, suddenly two

large rounded disks are expanded, around which, at the same instant,

a wreath of cilia is seen performing its surprising motions (fig. 4,

d). Often the animal contents itself with this degree of exposure,

but sometimes it protrudes farther, and displays two other smaller

leaflets opposite to the former, but in the same plane, margined with
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cilia in like manner (fig. 1, e, e). The appearance is now not unlike

that of a flower of four unequal petals ; from which resemblance, Lin-

nreus, who compared it to a ringent, labiate corolla, gave it the trivial

name ringens, by which it is still known. On each petal we see a

white line, probably a nervous thread, running parallel with the

margin, to which many short lines radiate from it.

But the eye is involuntarily drawn from the petals themselves of

this living flower, to the beauty of the coursing cilia (fig. 1,/,/) : these

appear to chase each other in ceaseless race along the margin, running
down and up the sinuous divisions of the petals, now relaxing, now

refreshing, their speed. This progression of the ciliary waves is now

explained ; but while we gaze upon them, we find it easy to forgive

the error of Colombo and Dutrochet, who maintained that the teeth

actually ran around the margin of the stationary wheel. There is a

remarkable phenomenon in the ciliary course in this genus, which I

have observed also to characterize Limnias, Megalotrocha, and a

species which has occurred to me, belonging to an undescribed genus ;

but which does not occur to nearly the same extent in the Rotifera

generally. Each cilium appears thickened in one or two places in a

very regular manner, forming thick black spots, which run along the

course, and produce a very striking effect. I conjecture that each

cilium is alternately either dilated and attenuated, or else bent nearly
in the line of vision at these points (so as to appear thick by perspec-

tive), and straightened, in rapid succession.

Below the large petals on the ventral aspect, and just above the

level of the projecting respiratory tubes, is a small circular disk, or

aperture, within the margin of which a rapid rotation goes on
(fig. 1,

g). This little organ, which seems to have hitherto escaped obser-

vation, I can compare to nothing so well as to one of these little

circular ventilators, which we sometimes see in one of the upper

panes of a kitchen-window, running round and round, for the cure of

smoky chimneys.
The gizzard, or muscular bulb of the oesophagus (fig. 1, h), is

always very distinct, and its structure is readily demonstrated. It

consists of two sub-hemispherical portions, or jaws, each of which is

crossed by three developed teeth, which are succeeded by three or

four parallel lines, as if new teeth might grow from thence. The
teeth are straight, slender, swelling towards their extremity, and

pointed. These armed hemispheres work on each other, and on a

V-shaped, or tabuliform apparatus beneath, common to most of the

Rotifera, but in this genus very small.
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Below the gizzard are seen several sub-globose sacculate viscera,

which the opacity of the case forbids to trace down ; they are doubt-

less the commencement of a constricted stomach, with its accessory

basal vesicles (pancreatic or biliary ?) ; as I have traced the passage of

coloured food through them (as far as the margin of the tube per-

mitted vision), in the form of a constricted canal. On one occasion,

the accidental desertion of its case by an individual enabled me to

submit the latter to compression, and to discover that the anal orifice

is situated near the middle of the body, on that side on which the

little curved horns (fig. 2, b) are placed, and consequently opposite to

that which is furnished with the respiratory tubes (e) and the little

rotating organ (fig. 1, g). The pellets composing the case are very

regular in form and position ; in a fine specimen (about ^ inch in

length when fully expanded, of which the tube was ^ inch) I could

count about fifteen longitudinal rows of pellets at one view, which

might give about thirty-two or thirty-four rows in all.

Such was the amount of my acquaintance with this beautiful form,

on the 17th of November last. On that day a fine specimen fell

under my observation, attached to a submerged moss, from a pond
at Hackney. I had the great pleasure of seeing this individual en-

gaged in the building of its case, and at the same time of discovering
the use of the curious little rotatory organ on the neck. When fully

expanded, the head is bent back at nearly a right angle to the body,
so that the disk is placed nearly perpendicularly, instead of horizon-

tally ;
the larger petals, which are the frontal ones, being above the

smaller pair.* Now below the large petals (that is, on the ventral side),

as in Limnias (fig. 3), &c, there is a projecting angular chin (i), which is

ciliated, and immediately below this, in Melicerta, is the little organ in

question (fig. 1, g). It appears to form a small hemispherical cup, and

is capable of some degree of projection, as if on a short pedicle. On
my mixing carmine with the water, the course of the ciliary current

was readily traced, and formed a fine spectacle. The particles are

hurled round the margin of the disk, until they pass off in front

through the great, sinus (fig. l,j), between the larger petals. If the

pigment be abundant, the cloudy torrent for the most part rushes off,

and prevents our seeing what takes place ; but if the atoms be few,

we see them swiftly glide along the facial surface (fig. 3, k), following
the irregularities of outline with beautiful precision, dash round the

* I made no drawing of Melicerta in this position, but the figure of Limnias is

sufficiently like to illustrate the peculiarity spoken of.
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projecting chin (i), like a fleet of boats doubling a bold headland, and

lodge themselves one after another in the little cup-like receptacle
beneath. The action of the cilia which perform this transport is

clearly seen ; and I believe that they are continuous from the great
sinus to the cup. The contents of the cup are whirled round with

great rapidity, and it was while looking at this spectacle, that the

notion occurred to me, that the pellets of the case might be prepared
in this receptacle. Dr. Mantell, in his interesting

'

Thoughts on

Animalcules
'

(p. 60), had informed us that the pellets are coloured

with admixed pigment ; but he supposed with Dr. Ehrenberg, whose

observations I shall presently quote, that they were expelled from

the orifice of the rectum.

I now watched the animal with eager expectation, and presently
had the satisfaction of seeing it bend forward its head as I had ex-

pected, and after a second or two raise it again, when I saw that the

little cup had lost its contents. It immediately began to fill again ; and

when it was full, and the contents were consolidated by rotation, aided

probably by the admixture of a salivary secretion, it was again bent

down to the margin of the case, and emptied of its pellet. This pro-

cess I saw repeated many times in succession, until a goodly array

of dark red pellets were laid upon the yellowish brown ones, but

very irregularly. After a certain number were deposited in one part,

the animal would suddenly turn itself round in its case, and deposit

some in another part. It took from two and a half to three and a

half minutes to make and deposit a pellet. Some atoms of the

floating carmine now and then passed down the oesophagus into the

gizzard, and thence into the stomach ; but these were quite inde-

pendent of, and unconnected with, the pellets, which were composed

exclusively out of the torrent that had passed off the disk. On one

occasion the cup was brought down to the margin, but, from some

cause or other, failed to deposit its pellet: it was raised for a

moment, and then a second attempt was made, which was successful.

Professor Ehrenberg, however, thus speaks of the phenomenon in

question :
—"

According to my own observations, the tubes are com-

posed of little lenticular bodies, which the animal (as Leeuwenhoek

indistinctly saw, but I distinctly discovered) separates from the pos-

terior intestinal orifice (am der hintern Darmiindung) and glues fast

with the same. Therefore the tube is always of the same height as

this part of the animal. These granules are not extraneous bodies,

like those on the tube of Phryganea, nor are they excrement ; but a
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peculiar gummy substance, which hardens in water, mingled, how-

ever, with the latter."— (' Die Infusions-thierchen,' p. 406.)

I know not what to think of this discrepancy. It is scarcely pos-

sible that the experience and power of observation of so excellent a

naturalist could have been at fault in a matter, which he himself

says he distinctly saw ; and his general care and accuracy forbid us

to doubt that what he saw he has correctly recorded. Are there then

two modes of effecting the same object in the same animal ? This is

scarcely imaginable. Or, are there two species, closely allied, but

differing in this part of their organization and economy ? From one

or two other slight differences which I have observed, this may be

just possible : at any rate it should be borne in mind in future ob-

servations.

The venerable Leeuwenhoek thus describes what he saw, which

seems to me sufficiently distinct.
" I viewed one of these animals a

good while together, and observed several times, one after another,

that when the animalculum thrust out its body from the sheath or

case, and that the wheel-like or indented particles moved in a circle,

at the same time, out of a clear and transparent place, a little round

particle appeared, which without nicely viewing could hardly be per-

ceived ; which particle growing larger, moved with great swiftness, as

it were about its own axis, and continued without any alteration in

its place, till the animal had drawn part of its body back into its

sheath
;

in doing which it placed the said round particle on the

edge of its sheath, which thus became augmented with a round glo-

bule ; and whereas the animalculum had placed the said globule on

the east part of its sheath, another time it fixed it on the south or

north side
; by which means the sheath was regularly increased on all

sides."—Phil. Trans, iv. 43 (abridged edition).

I would again observe that I had not the slightest acquaintance

with these observations, till some time after I had made the whole of

my own ; which were recorded with the animal before my eye.
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DESCRIPTIONS OF PLATE XII.

Fig. 1 . Melicerta ringens, protruded and fully expanded ; with the upper part of its

tube. Magnified 300 diameters.

c. One of the respiratory (?) tubes.

e e. The occipital petals of the disk.

//. The frontal petals.

g. The pellet-cup.

h. The gizzard and intestine, as these viscera appear after the animal has

been fed upon carmine.

j. The frontal sinus.

Fig. 2. The same unexpanded, viewed laterally. Magnified 300 diameters,

o. The tube, formed of pellets.

b. The occipital spines.

e. The respiratory (?) or antennal processes.

Fig. 3. Limnias Ceralophylli (magnified 300 diameters), introduced to show the form of

i. The projecting chin ; and

k. The horizontal face.

Fig. 4. Melicerta ringens, partially expanded, viewed in front, with the whole tube

shown. This is much less magnified. In the first three figures the

lower part of the tube is not drawn.
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XII.—An account of the Dissection of a Human Embryo of about the

Fourth Week of Gestation, with some Observations on the Early

Development of the Human Heart. By Arthur Farre, M.D.,

F.K.S., Professor of Midwifery in King's College, &c.

(Read March 19th, 1850.)

There is, perhaps, no department of physiology, which so much
needs a careful and accurate record of the various facts and ob-

servations which time and opportunity afford, as that relating to

human embryology. Numerous as have been the investigations

carried on of late years into the wonderful and complex processes of

reproduction, there is still no one stage of it which can be said to be

yet thoroughly explored; and certainly in no case is the path of

observation beset with greater difficulties, than in the effort to carry

out a connected series of observations on the early development of

the human frame.

The causes of this difficulty in regard to man, as compared with

other animals, are so obvious, that to enter upon a consideration of

them here would be quite superfluous. But I may observe that in-

dependent of the comparative rarity of the opportunities afforded,

and the impossibility of learning from experiment in the human

subject, while in animals our occasions may be as numerous and di-

versified as we choose to make them ; there are added in our own

species these further difficulties, that the ova or embryos discharged
in abortion are most frequently malformed (malformation being a

very common cause of abortion) ; that even the comparatively few

specimens which are not malformed, are still generally broken and

destroyed by the action of the uterus on their tender structure,

during the process of expulsion ; while, lastly, if the specimen has

escaped this ordeal, it is too often injured by the rough handling of

curious observers before it comes into our hands.

I trust, therefore, the Society will partake in the interest which I

feel, in having just now one of these opportunities of examining the

conformation of the human embryo, at almost the earliest period at

which the microscope can be employed in the investigation of its

TRANS. MIC. SOC. VOL. III. K
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structures. And although in the brief account which I am about to

offer, I do not pretend to any entirely new observations, I yet may
claim for the subject this degree of importance, viz., that in a matter

of such great and acknowledged difficulty, and in one, moreover, in

which imagination has been too often allowed to be the substitute for

true observation in regard to many supposed facts, every addition

that can be made to our knowledge though it do but serve to confirm

already received doctrines, is valuable in itself on that account. Nor
do I know any better channel for communicating such knowledge,

and, if it be deemed worthy, of placing it on permanent record, and

thus making it generally useful, than that which our Society affords.

The embryo which I am about to describe was expelled by abor-

tion three days ago. No information which I can procure from the

mother, affords any evidence as to the period of commencement of

pregnancy, because the ordinary data from which such calculations

are usually made, were not here present. No menstrual period

having occurred since the 5th of November last (four months and a

half from the present date). From the condition of the embryo,

however, I deem it to be of the fourth week of utero-gestation.

The entire ovum weighed six drachms ; it measured two inches in

its longer, and one inch and a quarter in its shorter, diameter. All

the membranes were entire and perfectly distinct from each other.

The outermost or decidua vera exhibited the processes, termed by
Dr. Mongomery decidual cotyledons, in an unusually well-marked

degree. The cribriform markings on the inner or reverse surface

of the same membrane were equally distinct. The only point of

junction between this and the next membrane, or the decidua reflexa,

was at that part of the ovum which had lain over the cervix uteri,

and here it was reflected all round in a perfect circle on to the

chorion, in order to form the decidua reflexa. This, I may observe,

is not the most frequent point of reflection, which more commonly
is found towards one or other Fallopian tube, and consequently at the

upper part of the uterus.

The observation of this latter fact is not unimportant for two

reasons. First, because it affords a probable explanation of the

cause of the ovum becoming aborted, for at whatever point the de-

cidua becomes reflected on to the ovum, there alone can the vessels

which connect the latter with the uterus enter. This is consequently
the most vascular part, the placenta is here formed, and if this more

vascular portion be implanted over or near the os uteri, hcemorrhage
is likely to occur, as in the present case ; the loss of blood leading
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to the subsequent expulsion of the entire ovum. But I notice this

point here more particularly, because, though interesting in a practi-

cal point of view, as showing how slight a circumstance, such as the

mere accidental point of reflection of a membrane, may in the pro-

gress of the case lead to serious or even fatal hcemorrhage, there is

yet this important inference fairly deducible from it, namely, that if

we can discover any accidental or obvious cause of abortion, which

is referrible to the condition of the mother, we need not in such cases

infer that any arrest of development of the embryo was the occasion

of its being expelled, and consequently we may look upon ova so ex-

pelled as healthy, and may regard them as affording good subjects
for observation. Such was the case in the present instance, and,

therefore, whatever appearance the embryo now before us presents,

these may be fairly regarded as exemplifying the normal conforma-

tion of an embryo of that period ; and its organs, though exhibiting a

condition of remarkable simplicity, may be inferred to be such as are

capable of maintaining embryonic life at that early period, and such

as would have sufficed for continued existence had not accident sud-

denly arrested their development. To such accident then, and to

such causes, by which the most obscure of nature's processes are

suddenly arrested in their course, and exposed to our view, are we

mainly indebted for all that we can learn of this interesting subject.

Not to dwell unnecessarily upon the description of the membranes
or investments of the embryo, I will only observe further, that the

chorion was covered on the greater part of its surface with well-deve-

loped branched processes, the largest of which measured about one

and a half line in length. By these, the outer membrane of the

ovum was firmly attached to the decidua, and the process of forma-

tion of the placenta appeared to be thus already commencing. The
intermediate space between these two membranes was filled by firmly

coagulated blood, in which the chorion villi were deeply imbedded ;

and though this was, probably, an abnormal condition, and, perhaps,
in some measure connected with the maternal hcemorrhage already

mentioned, the notice of the fact of the presence of blood in this

situation, in which it is abundantly found in a normal state at a sub-

sequent period, namely, in the site of the placenta, ought not, I con-

ceive, to be omitted. The mass of coagulated blood thus surrounding
the chorion, measured, in different parts, from four to five lines in

thickness.

Entirely free within this, and suspended by a cord of no appreci-
able length, was the delicate embryo completely surrounded by the
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amnion. The latter, of the size and form of a small grape, was ren-

dered quite tense by the liquor amnii, the transparency of its walls

permitting an accurate view of the entire contents.

The embryo itself (PI. XIII., fig. I.) measured four lines in length
when fully extended, but in the curved form in which it lay when first

examined its length was only three lines and a quarter. Its utmost

weight, so far as I could estimate it, for it was impossible, without

destroying it, to remove the embryo from the fluid in which it was

examined, was one grain and a quarter.* Notwithstanding the ex-

tremely early period of development, many of the lineaments of the

future being could be distinctly traced
; the head (fig. II., 1), trunk

(2), rudimentary anterior and posterior extremities (3 and 4), and

some of the viscera, being clearly distinguishable.

The head (fig. II., 1) in this specimen bears a less proportion

to the trunk than is observed in the second month of gestation.

The three masses of nervous matter constituting the three pairs of

ganglia for the corresponding sensual organs of smell, sight, and

hearing, are here of nearly equal size. The division between these

three pair of ganglia, the foundation of the future brain, is here very

well seen in viewing the object by transmitted light, a slight de-

pression at each point of junction also marking the divisions exter-

nally. The closest examination of the surface fails to detect any

sign of organs of sense, but a very careful observation by transmitted

light, with a good lens, discovers the eye (fig. II., 6), and ear (7) in

process of formation ; the earliest indications of these organs that I

have yet seen. The absence of any external indication of the eye

would alone ser^e to characterize the early stage of this embryo,

since, even in the early part of the second month, this organ is con-

spicuous from the deposit of pigment within it, which is then gene-

rally found. Transmitted light, however, exhibits the mere outline

of a slightly opaque, but well-marked circle, with a minute point in

its centre on either side of the head, lying immediately beneath the

second, or optic lobes, and just behind the first, or olfactory lobes, of

the primitive cerebral mass.

A similar mode of examination detects another pair of minute

bodies (7), representing the acoustic vesicle or primitive internal

ears ; between the second or optic, and the third or auditory lobes,

or rather immediately beneath the latter.

* T estimated the weight by cutting a piece of the fibrinous clot before mentioned

into the form and exact size of the embryo, and weighing this.
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Thus the head consists of the three primitive pairs of cerebral

ganglia, arranged in a triangular form with the traces of the organs
of vision and hearing: the whole invested in a soft white integu-

ment.

Immediately below the head the trunk swells out into a gently-

curved line, in which are seen by transmitted light, the paralleHines

(fig. II., 2), at regular and short intervals, indicating the points of di-

vision of the primitive notocord, into the several sets of vertebrae.

These transverse divisions are as yet equal throughout the whole

length of this primitive spinal column, which, after curving somewhat

abruptly forward at its extremity, ends in a narrow point or tail

(5).

The little buds (3 and 4) which indicate the extremities are

already conspicuous, projecting from either side of the trunk; the

anterior pair, about one-third of a line in length, being more deve-

loped than the posterior pair. The latter are situated closely on
either side of the pointed extremity of the trunk, which projects be-

yond them, and thus renders them less conspicuous than the upper

pair.

The trunk, therefore, here consists of the curved and primitive

spinal column, already showing the divisions or markings out of the

vertebrae, together with the little buds indicating the upper and lower

extremities. Posteriorly, and above and below, the trunk is gently
bent upon itself, and presents everywhere a smooth and curved out-

line, being covered in all parts by integument of a white colour, but

anteriorly the whole of the abdominal and thoracic cavities are per-

fectly open, these cavities being in fact not yet formed, or perhaps

only so slightly protected by integument that the mere act of open-

ing the sac of the amnion in which the foetus lies, and with which its

integument is closely connected, serves to break down any slight

covering which the trunk might have already received in this situa-

tion.

In the present instance, the whole anterior part of the body is

thus open, from the head to the point of origin of the umbilical ves-

sels. The mouth is not yet formed, but a simple elongated opening,
beneath the head, consisting of two parallel folds of integument,
indicate the commencing formation of the naso-buccal fissure, which
itself is again transformed into the nose and mouth at a still later

period.

On either side of this anterior fold or aperture are two minute

openings (fig. II., 8 and 9) in the neck, which may even be discovered
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by the unassisted eye. These are evidently the remains of the so-

called branchial openings or fissures, of which the upper pair (8)

was probably destined to remain permanent, and to become the ex-

ternal meatus ; the lower (9) would probably have soon been ob-

literated.

The only viscera which can be discovered are a small mass (10)

on the right side, on a level with the anterior extremities, which is

generally termed the hepatic mass, and indicates the future liver ;

and at the same height on the left side is seen a curved vessel or

hollow organ (fig. III., 12, 13 and 14), divided into three parts, upon
the use of which there can, I think, be little doubt. All analogy and
all reasoning as to the organs which would be requisite to carry on life

at this stage of embryo existence, would, I think, point to this as one

connected with the circulation, the establishment of which is essen-

tial at this stage, rather than with digestion, for which there is no
need. I shall, therefore, be justified in regarding this as the primi-
tive condition of the heart, and shall presently revert to this part of

the subject, for the purpose of contrasting the development of the

organ at this period with two other examples, at a somewhat later

stage.

With the exception of the organs just described, there appear to

exist no others. A slight indication, however, of two linear-shaped
bodies is discoverable along the back of the open abdominal cavity,

and these, both on account of their situation and form, may be as-

sumed to be the incipient Corpora Wolffiana, the transitional repre-
sentatives of the future kidneys and testes or ovaria.

Lastly, immediately above the curved extremity of the trunk, the

minute umbilical chord (15) is seen blending itself with the cho-

rion, and surrounded by the amnion, but the course of the vessels

could not be traced. There was no indication of the presence of

either an umbilical vesicle or of an allantois in this embryo.
I have now only to offer a few observations on the development of

the heart to which I have just adverted. I have described this organ,
in the present case, as presenting the appearance of an elongated
vessel curved upon itself and exhibiting three divisions or chambers,

representing the single auricle (fig. IV., a), ventricle (b), and bulbus

arteriosus (c), which compose the heart of the lowest class of verte-

brate animals, or that of fishes. The two latter chambers have thick

and fleshy former, the latter is thin and membranous ; the whole con-

stituting an organ closely resembling that which we observe as a
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transitional stage of the heart in the early development of the chick,

or the permanent stage in the class of animals just mentioned.

In order to carry out the analogy, and to endeavour to exhibit the

successive stages of development of this important organ in the

human embryo, I have inserted, in the illustrations which accompany
this paper, two drawings, made also from dissections of my own,
which represent the heart of the embryo at two periods a little in

advance of the present case ; the one (fig. V.) at the beginning, and

the other (fig. VI.) at the end, of the second month, as far as the age
could be estimated from the size and development of the foetus.

The first figure (V.) represents the heart as composed now of two

auricles (a and b) instead of one, but still having only one ventricle

(c), thus symbolizing the heart of the class of vertebrate animals next

in advance of fishes, namely reptiles, in which the organ is thus

constituted.

Again, the second figure (VI), representing the heart of a foetus at

the end of two months, shows a still further advance, for now
the ventricle (c) has become divided into two chambers, thus as-

suming the permanent character. The thin membranous, leaf-like

auricles (a and b), however, still exhibit traces of a primitive stage of

development, which character may also be traced in the yet un obli-

terated bulbus arteriosus.

In conclusion, I wish to be understood as having offered these and

other observations contained in this brief account, as entirely open
to revision and correction, should further investigations prove such

to be required. For the reasons already specified, the opportunities

of procuring perfect specimens for examination are so rare, that

it is difficult to obtain corroborative evidence by contrasting speci-

mens one with another in precisely the same stage of development.

Hence, many observations so made, must, for a time at least, rest

upon the evidence which a single specimen can afford : for neither is

much help to be derived from many of the published descriptions

(the authors often not agreeing in their accounts), nor are all the de-

lineations of early ova which have been put forth free from the sus-

picion of some degree of imagination, at least, having been exercised

in aid of these points, which imperfect instruments, or injured and

imperfectly developed specimens, may have left obscure.

The only correction for these impediments to our advance in a

knowledge of human embryology, is for every one who has the op-

portunity of making careful examination of perfect specimens, to
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add his observations to the general stock of our knowledge, as time

and chance may offer occasion. For if these are retained with the

expectation that time and further opportunities will suffice to render

them more perfect or complete, the experience of most of the mem-
bers of this Society, will, I fear, agree with mine upon all such

matters, namely, that the desired period of perfection or completion

seldom or never arrives, or that the matter if too long delayed,

has lost that freshness and interest which constitutes its greatest

attraction when given fresh from the mind of the observer. I regard

it as one of the peculiar excellencies of Societies like ours, that they

afford the best possible means for conveying to the scientific world,

those isolated observations and facts, which, if carefully made and

authenticated, constitute the very best materials for our advancement

in any department of natural knowledge. And I trust that the

members will accept this brief memoir from me, on the first night

of my coming into office as their President, as an earnest of the

desire that I feel for the mutual improvement of our opportunities,

and for the establishment of a more general desire to communicate,

in the form of brief written records, those observations which our

unrivalled opportunities, especially in regard to instruments of re-

search, both individually and collectively, cannot fail to be constantly

placing at the disposal of every one of us.
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DESCRIPTION OF PLATE XIII.

Fig. I. Human embryo of about the fourth week, natural size.

Fig. IT. Do., magnified five diameters. 1, head ; 2, spine ; 3, anterior extremity ;

4, posterior do. ; 5, coccyx ; 6, rudimentary eye ; 7, rudimentary ear ;

8, external meatus ; 10, hepatic mass.

Note.—This fig. is shown as under the combined effects of transmitted and

reflected light.

Fig. III. Figs, up to 10, as in the former; 11, rudimentary pulmonic vesicles; 12,

auricle; 13, ventricle; 14, bulbus arteriosus

Note.—This fig. is shown only as an opaque object. The internal ear and

eye and the vertebral markings are consequently not seen.

Fig. IV. Heart detached ; a, auricle ; b, ventricle ; c, bulbus arteriosus.

Fig. V. Heart of embryo at beginning of second month.

Fig. VI. Do., end of second month.

TRANS. MIC. SOC. VOL. III.
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XIII.—A short Description of M. Nachefs Prisms, for the Oblique

Illumination of Transparent Objects on the Stage of the Micro-

scope, with Formula for their Construction and Observations on

the their Use. By George Shadbolt, Esq.

(Read March 20, 1850).

The use of some contrivance for causing the light to fall obliquely

upon an object under examination, must be familiar to all micro-

scopists who have been engaged in investigating the structure of

such as have very minute and delicate markings, that are difficult to

be defined ; very slight eminences and depressions, as well as some

other peculiarities of structure, being thus rendered more apparent
from the increased contrast of light and shadow.

In order to render such a mode of illumination effective, it is,

however, necessary that the rays of light should fall in some parti-

cular direction with respect to the object ; and to accomplish this

requisite with facility, a modification of the stage generally attached

to our modern microscopes was arranged and carried out by Mr.

Legg.
In the address delivered by our late respected President, Mr.

Busk, at the anniversary meeting of this Society, in February last,

he mentioned, when enumerating the additions to our means of

investigation, the production, by M. Nachet, of Paris, of a prism for

the purpose of effecting oblique illumination, which little instrument

has also some advantages over the revolving stage. As I have found

from practical experience that it is of very material assistance in

investigating the structure of the class of objects above indicated, I

have presumed to think that a short description of it, together with

data for its construction, may not be without interest to some of our

members.

The first instrument of this kind that I met with was shown to

me by one of the members of this Society, Mr. Hodgson, who

brought it over from Paris, and I afterwards saw some that Mr. De
la Rue obtained from the same quarter.

The prism consists of a piece of glass with six faces, two only

being parallel to one another, and these two sides are not polished,

in order to prevent any reflection. The other four sides are inclined
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to one another at various definite angles, the particulars of which I

shall presently explain, so that the outline of the unpolished sides is

of a trapezoid form.

To the smallest face of the prism (which should form a square)

a plano-convex lens is cemented, and when in use it is through this

lens that the light emerges from the prism, and is condensed in the

focus of the lens, and immediately upon the object under examination.

This will be more readily understood by reference to the figures.

Fig. 1 represents the side view of a prism, without the lens, which

must be attached to the surface, d q.

Fig. 2 represents an enlarged section of a prism, with its lens,

mounted in a metal fitting, the space not occupied by the glass being
filled with blackened cork.

The rays of light (represented by three dotted lines) enter the base,

c b, of the prism, and as they fall on it perpendicularly, they suffer

no refraction, but pass directly, until they meet the inclined face,

c d, whence they are reflected internally, and fall on the face, q b,

from which they are again reflected internally, and emerge through
the square surface, d q, at right angles to it.

The lens being cemented to the surface, d q, no light is lost by
reflection at that surface, and the rays are brought to a focus at e,

exactly in the same spot as would have been the case had the light

passed, without the intervention of a prism, through a lens fixed at

f d. There is, however, this important difference, that instead of

the mean direction of the rays being perpendicular to the object, it

is at a certain definite angle thereto, according to the construction of

the prism.

Having made calculations to ascertain the relative angles and

dimensions of the sides, which will produce the best possible effect

for any given angle at which the bundle of rays is desired to fall on

the object, I find that the following formulae, which I have already

supplied to Messrs. Smith and Beck, for the purpose of constructing
the prism I have, will furnish all the particulars required.

The surface, d q, should be a square, the side of which we will

call s. It is to this square surface that the lens is to be cemented.

The other surfaces, q d ,b c, and c d, are parallellograms, having
their short side = s. The long side of c d we will call = x. Then
let a = the angle at which the light is required to fall on the object.

The angle q = 45°, whatever may be the value of a.

Then the angle b = 135*5— the angle a.

c = 45° + the angk « •

2
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Then the angle d = 90° + the angle c.

To find the value of x, cosine of angle c : a : : radius : x.

To find the focus of the lens required, radius : — : : cotangent of
&

—2—_
: focus + thickness of lens.

2

For the diameter of the lens, / 2s* = diameter.

A square diaphragm, c g, equal in size to the square surface, d q,

should be placed under the prism, as shown in the figure, that is,

with one side coinciding with the angle, c, of the prism.

When in use the prism must be fixed under the stage of the

microscope in a similar manner to that adopted with the achromatic

condenser, it requiring all the motions of that piece of apparatus,

and capability of being revolved on its axis in addition. In my
own instrument the prism screws into the fittings of the condenser,

in lieu of the lens, and the tube, carrying the rack and pinion, is

made to revolve.

It of course requires centering to the object-glass in use, exactly

in the same way as the achromatic condenser, as, if not properly

adjusted, the spot of light goes out of the field of view on revolving

the prism. This adjustment can, however, be very readily accom-

plished, and when once effected the light can be made to fall in any
desired direction on the object, without in any way altering the

disposition of the lamp or mirror, by simply rotating the prism.

These prisms can be readily applied to any of the instruments

now in use, and the light produced, or rather affected, by them is

much stronger than can be obtained from using the mirror to throw

it obliquely. The degree of obliquity can also be made greater than

by the mirror, owing to the thickness of the compound stage inter-

fering with the latter, but not with the former. Of course the same

precautions should be observed, when using these prisms, in noting
observations to make the requisite allowances for the obliquity of

the light, as would have been necessary had the obliquity been

obtained in the usual manner.

By the assistance of one of Nachet's prisms, constructed according
to the formulse previously given, I have been able to see with a

good quarter-inch objective the markings in Navicula angulata,

and many minute lines, dots, and other minutiae in numbers of the

fossil Infusoria (so called), the existence of which I had previously

no idea of. In fact, for this class of objects I can scarcely praise it

too highly.
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The few prisms of Nachet's own manufacture which I have had

an opportunity of examining do not appear to be constructed exactly

according to the formulae I have given above ; from what cause I am
at a loss to conjecture, as I have no doubt of the correctness of these

formulse. I abstain from entering into the mathematical details,

simply from a feeling that they would interest few, if any, of the

members of the Microscopical Society.

Fig. 2.

i v\
*•
-.
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XIV.—Further Observations on the Construction of the Prisms of M.

Nachet, for the Oblique Illumination of Transparent Objects on

Stage of the Microscope. By George Shadbolt, Esq.

(Delivered verbally at the meeting of the Society in April, 1850).

At the last meeting of this Society, which took place in March, I

had the honor of reading a short paper, descriptive of M. Nachet's

prisms, in wliich I put forth certain formulae for their construction,

but omitted the mathematical details of the mode in which these

formulae had been computed, from the conviction of the uninteresting

nature of such a demonstration to the great bulk of the members.

The correctness of them having, however, been called in question

(in perfect good feeling), or rather the propriety of adopting any

general formulae, I am compelled to trouble you with the details

alluded to, but will endeavour to do so with all possible perspicuity.

One of the objections made to my formulae was, that even if they

were applicable to the ordinary glass, they might not be to every
kind of glass that might be made. My answer is, I only designed
the observations to apply to crown-glass, and any of greater density,

which, in fact, includes all in common use ; and I readily admit that

a glass might possibly be made which would not be applicable, in

consequence of its density being too low, but I do not see how this

affects the question. Another objection, relative to making the angle,

q, figs. 1 and 2, always an angle of forty-five degrees, I shall answer

in the course of my demonstration.

Let the line z A, figs. 3, 4, 5, 6, represent the course of a ray

direct from the mirror to the object at A, on the stage of a

microscope, and let y A represent the course of a ray falling

obliquely at the angle desired ;
then it is a sine qua non, that the

course of the ray must be diverted from z A to y A, by two internal

reflections in the prism. It is also necessary that two of the planes
of the prism, viz., d q and c b, figs. 1 and 2, be at right angles

respectively to y A and z A, in order that the rays may enter and

emerge perpendicularly, so as to obviate any refraction and conse-

quent dispersion of the light. It therefore only remains to determine

the relative inclination of the two lateral planes of the prism, with

their respective dimensions, and the focus of the lens required. If

the focus and aperture of the lens is first determined, the dimensions

of the various planes will be dependent thereon.

It is a well-known law in optics, that when a ray of light is
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incident on a polished surface, and the direction of the ray is from
the more dense, towards the rarer medium (as from glass towards

air for instance), when the obliquity of the incident ray reaches a

certain point, the whole of the light is reflected, and none of it is

transmitted. Now this is precisely the condition it is desirable to

arrive at in the two internal reflections in the prisms under consider-

ation. It is worthy of observation, that, provided the angle of the

incident ray be sufficient to cause total reflection, there is no

objection to its being somewhat more, though a less degree of

obliquity would defeat the object.

The angle of obliquity, in order to produce the effect of total

reflection, differs in the various kinds of glass (principally according
to the density), and it also differs for the various coloured rays of

the spectrum. If, however, an inclination of forty-five degrees be

given, this is amply sufficient to cause total reflection for rays of

every colour in any of the ordinary kinds of glass.

Keferring to figs. 8, 4, 5 and 6, the ray z A, after its first

reflection at w> must follow the course of one of the lines, w v,

previously to its second reflection at v ; that is to say, the course

must be such as to make the angles z w A and w v A, either both

acute angles, as in fig. 3, or the former a right angle and the latter

acute, as in fig. 4, or the former obtuse and the latter a right angle,

as in fig. 5, or, lastly, both obtuse angles, as in fig. 6. Now in the

two former cases, figs. 3 and 4, it is manifest that, at one at least of

the reflections, the inclination of the incident ray is insufficient to

cause total reflection : it therefore only remains to decide between

figs. 5 and 6, in both of which the inclination at both angles is

sufficiently great.

There are two reasons which induce me to select fig. 5 in

preference to fig. 6, while I know of none in favor of the latter.

Firstly, fig. 5 does not require the prism to be so great in length as

fig. 6 would ; and secondly, by adopting fig. 5 a general set of

formula? for constructing prisms, for any obliquity, can be readily

framed. Another objection that has been made to my adopting

forty-five degrees for the angle q, figs. 1 and 2, I think it right to

answer in this place, viz., that if moisture were condensed on the

sides of the prism, the obliquity would not be sufficient to prevent
the ray being refracted out of it. My answer is, the remedy is

simple ; by wiping off the moisture (the prism can readily be mounted

so as to allow of this being done), and, what is perhaps a more

decisive reply, the same objection will apply to any angle that it is

practicable to adopt, for unless the obliquity of the internal incident
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ray exceeds sixty-two degrees this difficulty cannot be obviated ; and

it is obvious that in a prism of only thirty degrees such an obliquity

of the internal incident ray as sixty-two degrees is impracticable.

For the foregoing reasons I conclude, then, that the construction

as in fig. 5 is the best that can be adopted ; consequently the side of

the prism, d c, fig. 7, must be drawn so as to make the angles d w v

and c w z equal to one another, and the side, q b, so that the angles

q v A and b v w are also equal.

Having thus determined the inclinations of the various planes, let

us now consider their respective dimensions; any two contiguous

ones being settled, the others follow as a matter of necessity. There

are two conditions to take into consideration, viz., that the prism
shall be capable of revolution without throwing the light out of the

field of view ; and that as much light (and no more) shall be capable

of entering the prism as is capable of emerging from it. Draw
d t, fig. 7, equal to d q, at right angles to z A, and let z A bisect d t

at k, and y A bisect d q in I. Draw t c parallel to A z ;
then let d q

be any convenient known size, which we will call s, and d c an

unknown size, which we will call x. If c d be taken as the radius,

t d, equal to d q, equal to s, is the sine of the angle ted. But ted
is the complement of the angle deb (called in fig. 2 the angle c) ;

consequently the cosine of the angle c : s : radius x, the side

required.

The focus of the lens required is evidently A I, less the thick-

ness of the lens. Join A d; then, because d I equals d k (by

construction), and the angles A k d and Aid are right angles,

the angles d A k and d A I are also equal ; consequently the angle

d A I equals
an& e a ' Now if d I be taken as the radius, A I will
2

i, i-i, i. -~~~j. ~4a ija7 the angle a
;
and as d I equals s

be the cotangent ol the angle dAlor s— ' ^ — >

& 6
2 a

the radius :
—

: : cotangent—e an£ e a
. focus -f. thickness of the

3
8

2

lens. A square diaphragm, whose side is equal to s (or d q), must

be placed under the prism, so that one of its angles is coincident

with the point c, fig. 2 ;
the opposite angle of the same side will

then be exactly perpendicularly under the point d, and thus prevent

the entrance of any rays nearer to b, which would otherwise reach

the surface, d q,
without any reflection.

TRANS. MIC. SOC. VOL. in. M
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XV.—Note on Nachet's Prism. By M. Nachet.

(Read April 17, 1850).

Paris, April 10, 1850.

I have received the note you sent me through your agent, and

have to thank you for the trouble you have taken on the subject of

the memoir read before the Microscopical Society. It is not at all

surprising that the author (whose name I could not well make out)

should have found that in our workmanship we were not theoretically

correct. After all, we have not failed through ignorance.

We likewise have formulae which we apply to the construction of

my prisms. The whole question resolves itself into ascertaining the

best form of prisms for causing the emergence of the utmost

quantity of light through the terminal convex surface. In all these

discussions a large concession must always be made to the practical

part of the question, for the working of these prisms is sufficiently

ticklish to prevent the production of any two whose side-lengths are

exactly alike ; the angles, however, are always exact, but vary in an

ascertained manner, according to the different effects we may wish

to obtain. I would, however, remark that there are divers combina-

tions of angles, founded on the different inclinations that may be

given to the luminous rays in the interior of the prism ; for example,

in the prism of forty-five degrees (which does not merit the few

lines you have devoted in parentheses to acknowledgments) the

angles of reflection are obtained in a different manner from the

others. There are a great number of possible combinations, and I

am very desirous of knowing how the author has been able to arrive

at a general formula for all cases, and I would therefore beg you to

send me his memoir, at least in abstract.

Yours, &c,
Nachet.

Mr. Warren De la Rue.
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XVI.— On the Illumination of Transparent Microscopic Objects on

a New Principle. By F. H. Wenham, Esq.

(Read April 17, 1850).

For the purpose of obtaining the perfect definition of microscopic

objects under high powers, it is important that the light should be

achromatic, and that the illuminator or condenser should transmit a

large angular pencil of rays; also the markings on test-objects are

in most instances more readily discovered by throwing the light on

them obliquely.

In the prism of Nachet, which is especially intended for oblique

illumination, the attempts made to obtain a large aperture, and to

correct the chromatic aberration, have not been successful; conse-

quently there is a want of light, and objects illuminated by it show

some colour.

In order to remedy the defects of chromatism and want of

aperture, the following arrangement was completed and tried (see

plate XIV. fig. 1). A is an ordinary achromatic lens, of an inch

focus. B is a square prism of dense flint, with a polished surface,

C, making an angle of 67|- degrees to the base. At D is a double

convex lens of crown glass, of a quarter of an inch radius, cemented

into a corresponding cavity of the same curvature, worked in the

base of the prism, by which means it is made achromatic.

At the apex of the prism is another double convex lens of crown

glass, E, with the contact surface of ^th of an inch radius, cemented

in the same way as at D. The total curves of the glasses are

arranged so as finally to produce achromatic light.

The rays of light, after passing through the glasses A and D, are

reflected by the polished surface, and then farther condensed by the

lens E, placed at right angles to the axis of the emergent rays.

This arrangement has a similar effect to three achromatics, shown

by the dotted lines (which represent the concaves by that portion of

the prism they cut off), in combination with a reflecting surface.

By means of this appliance a pencil of light was thrown obliquely
at an angle of forty-five degrees across the object, an aperture of

sixty degrees was obtained, and by the combination the markings on

the Navicula angulata have been shown with a quarter-inch object-
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glass, though not satisfactorily, for on attentively observing the

effects produced, it is apparent that the principle of transmitting

oblique light through a transparent object, in one direction only, is

faulty, as it appears on some objects (the Podura for instance) to

elongate the markings, if either projections or depressions, and

gives to dots or concavities the semblance of lines, producing a kind

of overlapping shadow (at some distance above the object), upon
which the markings are seen ;

the light also being in some degree

decomposed by the margin of the object, the outline is rendered

indistinct; which circumstances are sufficient to show that there is a

defect in the principle of illumination from one side only.

This appearance of a shadow suspended over the object, in a

position opposite to the direction of the light, would lead us to

conclude that, in order to balance this defect, the oblique rays

should be counteracted by a pencil of light, of similar form and

intensity, thrown on the object, at the same angle, from an opposite

direction. This it is proposed to effect, as shown by fig. 2, by
means of two of Nachet's prisms, placed in juxtaposition, and made

to revolve under the stage of the microscope, for the purpose of

placing the two pencils of light in various directions across the

object.

The prisms should either have achromatic glasses, cemented on

at AA, or be made of flint, with double convex lenses of crown

glass, cemented in as before mentioned. Between the two prisms
at B there should either be a dark well or a black ground, and at

the base there should be a square diaphragm, CC. Although this

arrangement has not yet been tried, there is some reason to suppose
it would answer well.

The cause of the markings on test-objects being seen by oblique

illumination, which cannot be shown by the ordinary method,

appears to be that in the former case no greater amount of light is

allowed to pass through the object into the object-glass than is

sufficient to render the structure distinctly visible, consequently

the object is not drowned by an intense glare of light, which is

sometimes occasioned by ordinary direct illumination. From this

it would appear that no rays from the source of light should enter

the object-glass by passing through or around the object, which

must be illuminated by very intense light, thrown on in all or

opposite directions, at an angle exceeding the aperture of the object-

glass, so that the light which enters the microscope should be that

wliich radiates only from the object, as if it were self-luminous.
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Those who have experimented on the subject may have observed

that there is something in the nature of oblique light, reflected from

a metallic surface, particularly favourable for the purpose of bringing
out minute markings, which may in some measure be attributed to

the circumstance of light so reflected being purely achromatic ; and

in order to avail myself of this property, I have designed a method

by which the condensation of lateral light may be effected by means

of a metallic reflector.

The apparatus is drawn in fig. 3, the size of the original. AA is

a parabolic reflector, of a tenth of an inch focus, with a polished

silver surface, having the apex so far cut away as to bring the focal

point at such a distance above the top of the apparatus (which is

closed with a screw cap when not in use) as may allow the rays to

pass through the thickest glass commonly used for mounting objects

upon, before coming to a focus. At the base of the parabola is

placed a disk of thin glass, BB, in the centre of which is cemented

a dark well, with a flange equal in diameter to the aperture at the

top of the reflector, for the purpose of preventing the direct rays
from the source of light from passing through the apparatus. The
dark well is rather less than the diameter of the flange, and must be

raised as high as may be found necessary to prevent the light from

the reflector from entering the object-glass.

The reflector is moved to or from the object by means of the

rack and pinion, C, and has similar adjustments for centering, and

is fixed under the stage of the microscope in the same way as the

ordinary achromatic condenser ;
in addition, there is a revolving

diaphragm, D, made to slide on the bottom tube of the apparatus ;

it has two apertures, EE, placed diametrically, for the purpose of

obtaining two pencils of oblique light in opposite directions.

The effects of the chromatic and spherical aberrations, in the

shape of fog and colour, about the objects, caused by the glass slides

upon which they are mounted, were sufficiently conspicuous, when

illuminated by the reflector just described, as to require a means of

compensation, for as the parabola has the property of throwing

parallel rays uncoloured to a point, when used alone it is most

suitable for an object without glass underneath it.

Fig. 4 represents the aberrations of a large angular pencil of rays,

caused by a plate of glass. AA are rays reflected from the surface

of the parabola, proceeding in the direction of the focus, B, as shown

by the dotted lines. CC is an interposed plate of glass, which
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refracts tlie marginal or more oblique rays in a greater ratio than

the central ones.

The rays of light, after leaving the second surface of the glass,

proceed onwards, parallel to their original direction, and intersect

the axis at various distances, producing a longitudinal aberration,

nearly equal to the thickness of the glass, the point of the marginal
or outstanding rays being the most distant.

The effect of a flat, parallel plate of glass upon a pencil of rays is

that of over correction, or, in other words, the aberrations, both

chromatic and spherical, are contrary to those produced by a convex

lens, in which the marginal rays are brought to a focus nearest to

the lens, while the central ones are thrown to a more distant point.

It appears from this that if a lens of proper focus and curvature

be placed at the apex of the reflector, it will neutralize both the

chromatic and spherical errors caused by a certain thickness of

glass under the object. This result has been obtained, as shown by

fig. 5 (drawn four times the full size). AA is a meniscus, of 1'4 in.

focus; the radii of the surfaces are as 4' to 3'125. This is shown

in the diagram, in such a position that the centre of the convex

surface of the meniscus is in the focus, B, of the parabola, therefore

the rays of reflected light, CC, proceeding towards the point, B,
enter the under convex surface of the meniscus radially, without

suffering any refraction ; and after meeting the concave surface, and

emerging therefrom, the outstanding rays intersect the axis at D,
while the inner ones are thrown more distantly, as at E, producing
a longitudinal aberration from D to E, as shown by the dotted lines,

thus giving a sufficient amount of under correction for glass a

twentieth of an inch thick, for it is shown that by interposing a plate

of glass, FF, of that thickness, the focus of the marginal rays is

brought up to that of the inner ones, so that the whole pencil of

rays comes to a point through the glass.

Fig. 6 is given for the purpose of showing that there is a means

of adjustment for all thicknesses of glass under a twentieth of an

inch. B is the focus of the parabola. The dotted outline represents

the position of the meniscus, as shown in fig. 5. AA is the meniscus

lowered from its former position. The centre of curvature of the

convex surface of the meniscus now being under the focus of the

parabola, the rays enter that surface at an angle, or otherwise than

radially, and after being refracted by both surfaces of the meniscus

are brought to a focus. It is then suitable for an object without

any glass underneath it.
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By the addition of the meniscus we obtain greater purity and

intensity of illumination, and as the silver reflector is now closed

with glass, it is hermetically sealed and permanently protected from

dust and damp, and will therefore retain its polish.

The advantages expected by these arrangements have been

realized, the apparatus answering the purpose of an illuminator for

all the object-glasses, the objects being seen on a black ground.
The light most suitable for this method of illumination is lamp

or candle-light, the rays of which must in all cases be rendered

parallel, by means of a large plano-convex lens or condenser ;
the

light may then be used direct or reflected from the plane mirror.

The object having been adjusted, the illuminator is moved to or fro

till the best effect is produced.
For the purpose of viewing some objects, such as the Naviculee,

the circular diaphragm should be slid on the extremity of the

apparatus, and revolved till the two pencils of light are thrown most

suitably across the object.

All objects, either transparent or opaque (excepting white), absorb

some of the rays of light ; they are rendered visible by that portion

which they radiate
;

and a predominance of those rays, either

primary or compound, of which ordinary white light is composed, is

the cause of their various colours, the intensity of which depends on

the quantity radiated ; therefore any object tolerably capable of

radiating light will be well shown by this method of illumination,

and in all their natural colours (if the light thrown on them is

achromatic). For these reasons it is probable that it is the radiant

rays of light,' coming only from some objects, that we ought to see,

and that all the light surrounding, and also that coming directly

through, the object, is in some cases not only useless, but detri-

mental, for reasons I shall now explain.

In viewing objects by light transmitted directly through them, we

have two sets of rays entering the eye, viz., those emanating from

the source of light and those radiating from the object, the imper-

fections produced by the former passing through and around the

object, mingling with the latter, and preventing them from producing

their proper effect. The defects I allude to in direct illumination

are caused by the interference of light, the effects of which may be

illustrated by the following experiment. Make a hole in the window-

shutter of a darkened room, of about a thirtieth of an inch in

diameter, upon which fasten a lens, of an inch focus, centrally.

When either a transparent or opaque object is held in the beam of
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light passing through the aperture and lens, it will be seen that the

outline of the shadow is surrounded by a coloured fringe. This is

the visible effect of the interference of light. The same may be

shown without the lens, but not so plainly.

The intended limits of this paper will not allow me to go into the

details of these phenomena, therefore I shall only mention the effects

of interference observed under the microscope. It will be seen that

there is a faint band or fringe surrounding minute objects seen

under high powers, by ordinary illumination, which prevents the

outline from being distinctly marked : even under our very best

glasses the effect of this interference is seen around the margin of a

minute filament or hair, but most especially by the Monas termo, the

smallest of the Infusoria, which appears as a little, moving, nebulous

spot of light, which when shown by its own radiant light, produced
on this new principle, is perfectly developed, both for outline and

colour. The effect of this interference on some transparent Infu-

soria and other objects, is to blend together the complex internal

organization, which they ought to display when seen only with their

own light, that, from the source of illumination, being prevented
from entering the object-glass.

As the method of illuminating microscopic objects by means of a

very large angular pencil of light, having the central rays obscured,

is but just introduced and therefore a novelty, I shall mention in

corroboration a few instances where transparent objects are shown,

under similar circumstances, with perfect or improved definition.

If a small black wafer be fixed to a window, against the brightest

part of the sky, and a large transparent object, such as a feather or

the wing of a dragon-fly, be held before it, and examined with a

hand-magnifier, of about an inch focus, it will then be entirely

illuminated by lateral light, and it will be seen that the object is

more beautifully developed than when shown against a bright cloud,

the comparison being immediate.

Also it may be observed that the structure of a muslin curtain

immediately before the bar of a window is more readily ascertained

than when directly opposed to bright skylight.

Those who are in the habit of collecting Infusoria will be assisted

in distinguishing the various species, if a slip of black cloth be

cemented to the further side of the phial, which should be held

directly against the sky, and the contents examined with a Cod-

dington lens or hand-magnifier.

Other examples, under our every-day observation, might be cited
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of transparent objects being better seen where the direct light is

entirely or partially intercepted, for I should observe that some

objects, especially those of a dark colour, are better shown on a

ground either coloured or slightly illuminated. This circumstance

is provided for in the reflector by turning out the bottom of the dark

well, so that patches of tissue-paper, more or less diaphanous or

variously coloured, may be used for the back-ground of the object.

I shall now explain why, on test-objects and the internal mechanism

of Infusoria, markings can be seen by this method which are invisible

by the ordinary way of illumination.

There is but little doubt that the markings on most of the test-

objects are either depressions or projections. By the usual direct

light all parts of the surface of an object, whether raised or depressed,

are illuminated with nearly equal intensity, and the strong direct

light partially destroys delicate colours ; consequently there is a want

of contrast.

The effect of an angular pencil of rays of a hundred and seventy-

five degrees, with the central ones stopped, is, that there is a greater

relative amount of light thrown on these prominences, as they inter-

cept the largest portion of the circular marginal or most oblique rays

near the apex of the reflector (which are thence the most effective),

leaving the base of the prominence in comparative shadow; conse-

quently the very markings we wish to see are the most strongly

illuminated.

The different organs in the interior of an animalcule may be much
of the same transparency and colour, and yet possess a different

refraction, according to their density ;
therefore the illumination

should, if possible, be so arranged as to take advantage of this cir-

cumstance. Now direct light will pass through these transparent

membranes in straight lines, without being affected by their various

refractive powers. The effect of lateral or oblique light on such

tissues is, that the rays are more refracted according to their incli-

nation, and proportionate to the various densities of the medium ;

the most refractive structure transmitting the greatest quantity of

light, and is in consequence more illuminated, and this reason is

somewhat confirmed by the circumstance of this circular or lateral

illumination showing the structure of some objects which, from slight

variation in density, are invisible except by the polariscope.

I have thus endeavoured to place my ideas of microscopic illumi-

nation before the Society in an intelligible point of view, though

perhaps not very systematically, as to treat the subject fully would
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require a long and patient experimental inquiry, for which I have

not yet had leisure, but I give my theory in its crude state, with the

view of inducing others to follow the same path, and try its effect by
different means, for I must observe that I adopted a truncated

reflector, placed under the object, as the readiest means of carrying
out the theory, and obtaining the purest light and utmost limits of

aperture ;
and if this effect is obtained, either by reflection or refrac-

tion, and all the niceties of the principle attended to, it will be found

a valuable adjunct to microscopic discovery, for from appearances I

have observed with it, it is my belief that, on account of the defects

of direct transmitted light which I have attempted to explain, many
transparent objects, from the earliest age of the microscope till now,

have been seen under false appearances. This may appear a pre-

sumptuous assertion, but I confidently trust to time to prove its

accuracy.

EXPLANATION OF PLATE XIV.

Fig. 1. An arrangement for obtaining a large angular pencil of achromatic light,

reflected obliquely across the object in one direction.

Fig. 2. Two of Nachet's prisms, placed so as to throw two equal pencils of oblique

light across the object from opposite directions, in order to balance the

defects arising from such illumination from one side only.

Fig. 3. A truncated parabolic reflector for condensing lateral light upon transparent

objects ; all rays from the source of light are prevented from entering the

object-glass, and a black field is obtained by means of an adjusting dark

well, placed in the centre of the reflector, and supported by a glass plate,

BB.

Fig. 4. Kepresents the aberrations produced on the large angular pencil of rays from

the reflector by passing through the plate of glass upon which objects are

mounted.

Fig. 5. Shows the method of correcting the aberrations. The rays from the reflector

are refracted by the concave surface of the meniscus, AA., placed at the

apex, and after passing through the glass slide, FF., are brought to a

point.

Fig. 6, AA. The meniscus lowered from the position shown in fig. 5
;

the rays being
refracted by both surfaces, are brought to a focus.
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XVII.— On the occurrence of Non-Gymnospermous Exogenous Wood
in the Lias, near Bristol. By Henry Clifton Sorby, Esq.,
F.G.S.

(Read May 15, 1850).

It has usually been thought, that in rocks of the age of the lias,

non-gymnospermous exogenous wood does not occur. When I was

at Bristol a few years ago, I purchased of a fossil-dealer, at Clifton,

a piece of fossil wood, which he informed me was from the lias at

Keynsham : not having at that time paid any attention to the struc-

ture of woods, I did not specially remark its non-gymnospermous
structure, and therefore did not make such particular inquiries as to

its locality as would have been desirable ;
and hence the fact of its

occurrence in the lias rests solely on the information which I ob-

tained from him. Its appearance and chemical composition, how-

ever, perfectly agree with those of the coniferous wood so common
in the lias, and I therefore think that there is good reason to believe

it to have come from that bed. The piece which I possess is only
a portion of the stem, and shows very distinctly the surface directly

below the bark, but does not extend to the pith ; and, judging from

the curvature, the diameter must have been somewhere near one

foot. The annual growths are moderately distinct, and about -|th

of an inch in thickness.

The drawing will convey a much better idea of its structure than

can be given by description. PL XVI. fig. 1, which, as well as figs. 2

and 3, is magnified 100 diameters, is a transverse section, and shows

the medullary rays and variously-arranged ducts. Fig. 2 is a longitu-

dinal section, showing the structure of the interior of the ducts, and

a portion of a medullary ray. Fig. 3 is a tangential section, and also

shows two ducts, and the medullary rays cut across ; from which the

great proportionate size of the latter will be seen. The sides of the

ducts are marked, as shown in fig. 4, which is magnified 200 diame-

ters
; but it is only in some few places that this structure is well pre-

served, being in many cases much confused, no doubt by decomposi-
tion having partially occurred before it was perfectly mineralized.
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" When not highly magnified, and where the structure is not well

preserved, some of the larger ducts appear as if they had a spiral

fibre wound round them, as shown in fig. 3
;
but when more highly

magnified in a part where the structure is well preserved," it is

found to result from such markings as are shown by the larger duct

in fig. 4. The very elongated ovals shown in the lower part of it are

on the outside of the membrane of which the duct is composed, and

the circular ones are on the inside. This is readily shown by the

focal adjustment, and by the manner in which they occur when the

duct is cut through in making the section, as is common in recent

exogenous wood, the ducts often contain irregular membranous divi-

sions, as will be seen from all the drawings.

There can thus be no question of this wood being a true non-gym-

nospermous exogen; and its occurrence in the lias is of course

a fact of considerable interest, as proving that trees of that character

existed at a much earlier period than has hitherto been generally

supposed.

I have made many sections of woods belonging to various natural

orders of exogens, with a view to learn whether the natural affinity

of the fossil could be determined from its structure, but have been

unable to determine any rules from which this could be ascertained ;

though a much more extended examination might perhaps solve the

question.
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XVIII.— On tJie Anatomy of Notommata aurita, an Animal of the

Class Rotifera. By P. H. Gosse, Esq.

(Read May 15, 1850).

The animal which I propose to describe appears to have been seen

by only two observers, Miiller and Ehrenberg. The latter quotes in-

deed, with a mark of doubt, our own countryman Baker, but I see

little reason to identify his description or figure with this species.

Miiller, in 1786, described and figured its external form, and named

it Vorticella aurita ; and Prof. Ehrenberg, first in the ' Berlin

Transactions,' in 1830, and recently in his noble volumes on the

Infusoria, has added to our knowledge some of the more con-

spicuous organs, and has included it in his genus Notommata.

The eared Notommata is an inhabitant of our fresh waters, espe-

cially those which are still and occupied with aquatic vegetation. I

first obtained it from a reservoir in my own garden, about the half-

decayed leaves of the common duckweed (Lemna minor). More nu-

merously it occurred in water from a pond in the grounds of Samuel

Berger, Esq., of Hackney, in which the yellow water-lily grows.

But still more abundant I found it in a jar of water obtained last

autumn from a pond near Walthamstow, which had stood in my
study-window through the winter. In February, I found the sides

of the phial swarming with this Notommata, and with a species of

Salpina.

This fine species is about ,Vth of an inch in length, when ex-

tended (as at PL XII. fig. A.) ; but its contractions and elongations

render it ever varying. Its form viewed dorsally is somewhat cylindri-

cal, but it frequently becomes pyriform, by the repletion of the abdomi-

nal viscera. Viewed laterally (as at B.), the back is arched, gibbous pos-

teriorly, with the head somewhat obliquely truncate, the belly nearly

straight. The posterior extremity is produced into a retractile foot,

terminating in two pointed toes : tliis, both in function and struc-

ture, is certainly analogous to a limb, and must not be mistaken for
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a tail, inasmuch as its position is anterior to the cloacal orifice. A
minute projection behind the cloaca forms a sort of tail. When not

swimming or rotating, the head assumes a rounded outline (PI. XIII.

fig. C), displaying through the transparent integument an oval mark on

each side, within which a tremulous motion is perceived ; but at the

pleasure of the animal a semi-globular lobe is suddenly projected from

each of these spots by evolution of the integument. These projec-
tions have suggested the trivial name of aurita. Each lobe is

crowned with a wheel of cilia, the rapid rotation of whose waves

forms the principal source of swift progression in swimming. The

protrusions of these lobes are evidently eversions of the skin, ordina-

rily concealed in two lateral cavities. They may be protruded by
pressure, and are then seen to be covered with long but firm and

close-set cilia, which are bent backward and moved more languidly as

death approaches. The whole front is also fringed with short, vibratile

cilia, which extend all along the face, as far as the constriction of the

neck. The whole body is clear and nearly colourless, but its trans-

parency is much hindered by the net-work of dim lines and corruga-

tions, that are everywhere seen, particularly all about the head. It

is only by subjecting the animals to various degrees of pressure by
means of a compressorium, or of glass plates, and by the examina-

tion of a great number of specimens, that a satisfactory demonstra-

tion of the internal structure can be obtained.

The digestive apparatus shall have our first attention. Near the

head is seen a large oval or cylindrical transparent sac, placed to-

wards the ventral rather than the dorsal side, but capable of much
motion and change of place ; sometimes it is suddenly drawn down

nearly to the foot, while at others its front part is brought into con-

tact with the matters on which the animal feeds. This viscus I shall

call the gizzard, as its office is the trituration of the food to prepare
it for digestion.

The implements of mastication within the gizzard are elaborate and

complex. They consist of two bent jaws, which work upon a central

table, and have been likened to a pair of hammers working on an anvil ;

I shall therefore name the working arms the mallei, and the central

table the incus. This apparatus, with many modifications of detail,

characterizes the dental system of a large number of the Rotifera.

When viewed in situ, the incus is seen to consist of a long slender

foot, apparently dilated at the bottom, and carrying on its upper end

a complex array of tabular pieces, which, from the obscurity of this

part, are very difficult to be made out. They appear, however, to
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consist of two convex shields, with two or perhaps four descending

points; one is placed above the other, and the convexity of both is up-

ward. The knobbed foot is evidentlyjointed to the under surface of the

lower shield, for the whole upper part is capable of considerable mo-

tion from side to side, as on a pivot, while the foot is steady. The
foot reaches to the very bottom of the gizzard, and the end which in

one aspect appears dilated, in another seems to have a curved spoon-
like extremity.

The mallei, viewed in situ, appear each to consist of a rod, hang-

ing freely down in the gizzard, nearly parallel to the incus, but

slightly bowed outward, and of an arm or head, set on its upper end,

nearly at right angles. The end of this arm appears cut into teeth,

which meet those of the opposite one upon the surface of the upper
shield of the incus. A figure of the apparatus thus viewed is care-

fully drawn at G ; the dotted lines representing the position into

which the mallei are alternately thrown in the process of mastication.

The specimen from which this figure was taken afforded me an

unusually good observation. On putting carmine into the water, and

examining the animal carefully with a power of 300 diameters, the

jaws worked slightly, the points opening a little way, and then clos-

ing; the rods of the mallei were drawn towards the bottom for

opening, and upwards (as in the dotted lines) for closing. A little

mass of pigment was soon accumulated beneath the tips of the jaws,

which spread itself over a rounded surface (fig. G), but did not

pass farther, nor did an atom at this time go into the stomach.

On applying pressure by means of Mr. Boss's compressorium, the

structure of this apparatus becomes more clearly resolved. From

many examinations, I have found that the rod of the Tnalleus (fig. E)
is a long loop of bone (or a substance analagous to it), one side

of which only (the interior) is attached to the head-piece, which,

nevertheless, has a descending process that nearly meets the outer

side of the loop, and is, I think, connected with it by the soft part.

The head-piece has also another process, descending obliquely be-

hind the loop. I have distinctly seen floating bands (muscular ?) at-

tached to the bottom of the gizzard by one end, and by the other to

various parts of the bony frame-work. One pair of these proceed up to

the oblique hind processes (one to each), to the extremities of which

they seem attached : another pair go from the foot of the table to the

curved points that project on each side
;

their attachments to these

points I saw very clearly : another pair less clearly appeared to pass

up to the higher parts of the table between it and the loops. All
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these bands were broad at the lower ends, and tapered to the points
of attachment. They were very loose, and were moving with an irre-

gular waving or floating motion, as if surrounded by fluid. The

pressure applied was moderate.

On another occasion, by carefully applying strong pressure, I was

able to see the structure of the jaws better than before ; the result is

delineated at F. A hand of five diverging fingers (1 and 3) united,

I think, by membrane, is jointed to the frame-work of the malleus (2),

and works on the rounded surface of the incus (5). The position of

this hand, in situ, is horizontal, and hence only its edge meets the eye
of the observer (as in G), until it is displaced by pressure. That the

frame-work (2) is all in one piece, and not jointed, I proved by press-

ing on the glass-plate with the point of a pen ; for thus by increasing
or lightening the pressure, after the compressorium had done its

utmost, I was able to jerk the parts to and fro. I found that the

frame-work (2) moved bodily, without the slightest change in the re-

lative position of its parts, but that the hand (1) did not move with

it, but merely remained in contact with the point of 2. The foot (4)

of the incus is flat, and bent at the extremity. Parts of the struc-

ture were indistinct
;
and the details of the top of the incus are still

obscure.

Now and then a curious appearance is presented, as if a membrane

were suddenly withdrawn from around the incus, leaving a circular

opening, which enlarges, or narrows, or moves up and down. It ap-

pears oval, viewed in perspective (fig. G), but I conjecture that it is not

around the incus, but between it and the observer's eye, and that it is

the orifice of the duct leading from the gizzard to the stomach, open-

ing or closing.

In a lateral view this duct is perceived (fig. B) to be long and slen-

der, and to be capable of still further elongation, and also of contrac-

tion. It opens into the alimentary canal, the head of which is

abruptly swelling, and carries on each side of it a globose clear

gland ; these glands, doubtless, secrete and pour into the digestive

canal a fluid accessory to nutrition, but whether pancreatic or biliary,

I cannot say. This viscus itself is wide, subcylindrical, but tapering

towards the anal extremity, not divided by any constriction, but ful-

filling the offices of stomach and intestine. The walls are very thick,

and probably cellular, leaving only a central tube for the admission

of the food. This tube is readily seen when charged with food (as

in A), and may be rendered beautifully distinct by the admixture of

carmine with the water (fig. B). The cloaca is just between the
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caudal point and the base of the foot. The whole internal surface of

the canal is probably lined with innumerable vibratory cilia, for,

though I have not observed them in this species, I have noticed them

commonly in the Rotifera.

All the members of this class are considered to be hermaphrodite,

and the species before us is (exclusively, as far as I am aware) ovipa-

rous. The female organism is always conspicuous, consisting of an

enormous ovary, occupying the ventral region, commonly on one side.

Sometimes (as in A) it is a long, clear viscus, containing many trans-

parent globules, the rudimentary ova; and sometimes it is granu-

lated (as in B). Often a great developed egg may be seen (as in A)

occupying a large portion of the abdominal cavity; and sometimes a

second, also large, but less advanced to maturity. The eggs that I

have seen laid have been but few ; they measured about gloth of an

inch in length, and were covered entirely with short, flexible spines.

This was, however, in winter; at another season, they would pro-

bably be smooth. An animal which I isolated on the 19th of

February, with a large, nearly matured egg, deposited it on the 21st.

Voluntary motion of the foetus was perceptible in a day or two after-

wards, and from that time till the 1st of March, I saw every day,

through the transparent shell, the working of the body, the vibration

of the cilia, and an opaque, cloudy mass near the middle, probably
the ganglion. On that day, I lost it, eight days after laying, and

about a week after the first appearance of fcetal life. The eggs of

the Rotifera are ordinarily hatched in about twenty-four hours.

Among the male organs may be reckoned, according to Prof.

Ehrenberg, that singular viscus, found in nearly all the Rotifera, and

in many of the Polygastrica, the contractile bladder. It occupies

the lower part of the abdomen, and when distended (as in B) takes

up a large space, displacing the surrounding viscera. It slowly fills,

and suddenly contracts into a wrinkled point, and these distensions

and discharges go on alternately ; but not at all times, for in many
specimens the organ cannot be seen at all. When distended, it

appears so clear that one might imagine a hole to have been cut

through the whole substance of the animal ; but on careful examina-

tion, numerous irregular vessels or muscular bands (?) are seen to

meander and ramify over its walls.

A string of tortuous vessels, consisting of three at least, loosely

twisted together, run down the whole length of the body, on each

side (see H, 1). They commence near the head, and evidently termi-

nate in the contractile bladder (H, 2) at its posterior extremity.
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Prof. Ehrenberg considers these to be seminal glands ; that some fluid

is poured by these into the bladder, and discharged when it is full,

I think hardly any one can doubt who watches the operation ; but

when we consider that the successive fillings and discharges rarely

occupy more than a few minutes, and in many species are performed

many times in a minute, though with a very uniform periodicity,
— it

is hard to think that so great a quantity of fluid can be so quickly
secreted. Can it be that the bladder is an organ connected with

respiration ? The tortuous vessels carry attached to them, at various

points of their extent, little pear-shaped, tremulous organs. They
do not always tremble, nor always together, but are very irregular
and intermittent ; hence it is difficult to say how many there are, but

I have distinctly seen four on each side (H, 3, 3), two near the penul-
timate transverse muscle, and two near the neck. When trembling

moderately, they are seen to be little oval bags attached to the tor-

tuous vessels by a neck, and free at the other end ; a spiral vessel

closed at the extremity runs through most of the length, which main-

tains a waving motion. When the trembling is rapid, the little bags
are dilated at the end (H, 4), and appear as if covered with transverse

parallel waves or bands, which run into each other, and disappear

successively. In both cases the progress of the waves is from the

free extremity towards the neck or base. At the lateral insertions of

the antepenultimate transverse muscle a membranous (?) band is

fastened to the skin (H, 5), which is attached to the side of the

tortuous vessel with a dilated extremity, probably acting as a

ligament.

I have no doubt, with Prof. Ehrenberg, that the little trembling

organs are branchiae ; but why should these be attached to the semi-

nal glands ? I do not believe, as he does, that water is admitted

freely into the visceral cavity ; but may it not permeate the tortuous

vessels, be decomposed by the internal (not by the external) surface

of the trembling bodies, and then, having performed its office, be

poured, effete and waste, into the contractile vesicle, to be dis-

charged through the cloaca ?

Water appears to be constantly percolating into the alimentary

canal, even when the jaws are perfectly still ; for there is a succes-

sion of little transverse waves continually crossing the neck of this

viscus, just below where the duct from the gizzard opens into it.

Parallel with the gizzard, but nearer the dorsal surface, is a large

sub-globose mass of dense matter, white by reflected light, black

(because opaque) by transmitted. It occupies the bottom of a deep
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cylindrical sac, common to most of the Rotlfera, though I know of

no other example of this dense body occupying it. The sac is

capable of much motion, quite independent of that of the gizzard,

sometimes being retracted, sometimes drawn towards the ventral

surface, or to either side. There is a tube running through the

centre of this occipital sac, which widens at its lower end to embrace

the white mass. The latter is arranged in numerous lobes, some-

times very distinct (as in A), at others more consolidated (as in B),

and the whole mass occasionally contracts irregularly, when the

matter, in the form of dense granules, is partially forced up into the

tube, again falling when the mass expands. That this is a great

ganglion or cerebral mass of nervous matter, is probable, from

its being the seat of the great coloured eye ; although we certainly

do not expect to find such a concentration of neurine in an animal

of this low grade : at all events, I shall take the liberty of so

designating it. At times the eye is scarcely perceptible, then

suddenly it becomes visible like a flush of crimson, rich in hue, but

rather pale, ill-defined (B), lying on the summit of the ganglion. In

other specimens its form is very distinct, like a convex lens of ruby,

just beneath the widened base of the tube (A). It does not change its

form or position, even when the cerebral granules are forced up the

tube, to which it seems to present no obstacle. Under strong pres-

sure the pigment escapes, and resolves itself into three or four

minute red globules, not quite alike in size.

The ganglionic tube, after pressing through the centre of the occi-

pital sac, appeared in one specimen to make an abrupt bend, turning
down towards the interior of the body. The walls were not visible,

it is true, but the motion of the dense granules, projected or re-

tracted in it, exactly like the mercury in a thermometer if you pre-

sent it to the fire or remove it, distinctly showed the form as they
moved backward or forward. Yet, as I afterwards found, that the

direction of the curve is towards the front of the head (as in D), where

it can no longer be traced, this apparent retrogression was probably

only an optical illusion, caused by the front being bent much for-

ward, while the view was taken from behind.

There may often be seen (figs. H and I) running round the front of

the head, parallel with the skin, a tube (1) which sends off irregular

branches inwardly that open into another tube. It is not always

visible, and I have not been able to trace the termination on either

side. It does not appear to have parietes, but to be hollowed in the
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flesh, or to be produced by the separation of the irregularly rounded

masses of which the head is composed.
I come now to speak of the system of muscles, which I have been

able to define satisfactorily, to an extent that had not before been

done, though I am sure many more remain to be demonstrated.

The precise, vigorous, and most numerous motions of which the

more highly organized Rotifera are capable, presuppose the exist-

ence of a complex array of muscles ; and the specimen which I am
able to show, may prove to us how elaborately these are supplied ;

and, combined with the other organs, should excite our adoring
admiration of the infinite resources of Him, whose "

eternal power
and Godhead" are manifested not less in this minute and even

invisible organism, than in the structure of an elephant or a whale.

Across the body, nearly at equal distances, are seen to run six (or

seven ?) transverse muscles, inserted by dilated ends into the interior

separable skin on each side (I, 2). They are either attached through
their whole length to the inner surface of the integument, or else

they are arranged in pairs, inserted in the mesial line of the dorsum,
and running to each side

;
for in a lateral view their ends are seen

still to touch the dorsal outline (D) ; but I do not think they extend

quite across the belly. Prof. Ehrenberg thinks them (in Hydatina,

&c.) to be vessels, but they closely resemble the longitudinal

muscles. If they are muscular bands, their use is doubtless to con-

tract the diameter of the body, which is often done powerfully, and

most strongly at the points where these are placed.

A bent vessel (?) (i, 3), passes down each side. The transverse

muscles appear to pass through the substance of this, which divides

and again unites to embrace them ; but of this I would speak doubt-

fully. At the hindmost transverse band, it passes round, and being
bent up again, proceeds diagonally towards the skin, at the penulti-

mate transverse band. Its commencement I have not been able to

trace
;

it may possibly be connected with the double pipe of the

head. Of its use, too, I am ignorant.

The muscles of the gizzard (I). To the upper part of each side of

this organ is attached a stout muscle or tendinous cord (8, 8), which

proceeds downward through the whole body, and is inserted in the

skin near the foot-bulb. The action of these cords is powerful,

sometimes dragging down the gizzard far into the abdomen : the

action of either alone draws the top of the gizzard to one side.

The muscles of the occipital sac. Three bands (6, 6, 6) are

attached near the bottom of this, which pass up on the two sides, and
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along the back of it, and are inserted into the head. They draw the

ganglion upward or to either side. To the lower part of the sac are

attached two pairs of thick and strong muscular cords, which pass
down to the hinder extremity of the body ; one pair are fastened to

the sides (10, 10), and the other pair (9, 9) somewhat on the ventral

aspect of the sac ;
the latter are particularly stout and powerful.

Their action is, doubtless, to draw back the sac into the trunk, an

operation continually being performed, though I know not its object.

Often in the sudden driving back of the sac, these stout strings are

seen bent into a sigmoid curve ; this might seem to militate against

their being muscles ; but, I think, when thus bent, they are not in

action, the whole fore parts being retracted by the contraction of

other muscles.

Lateral longitudinal, muscles (11, 11) are inserted into the head,

and passing down each side are again inserted into the skin at the

hindmost transverse band : these retract the skin.

Longitudinal muscles for the drawing in of the foot (12, 12).

They are inserted into the skin of the neck on each side, and into

the foot-bulb.

Diagonal foot-muscles (13, 13) inserted into the skin at the hind-

most transverse band, and into the sides of the foot-bulb. Their

use, in conjunction with the preceding, is to draw the foot-bulb to

either side.

A pair of small muscles (15, 15) are attached to the extremity of

the intestine (which is drawn in a dotted line) and to the skin of the

projecting points of the anus. These are possibly mere ligaments
to keep the intestine in its place, or may perhaps be merely the out-

line of a short rectum.

The foot (17) is partly sheathed in the foot-bulb (16) by a folding
of the skin

;
it is 'drawn up to either side, by either of the foot-

muscles (18, 18), or drawn in by both acting together.

The conical toes, somewhat flexible at the tips (19), are capable of

independent action. They are separated by the contraction of a

pair of muscles (20, 20), the expansors of the toes, and are brought

together by that of the closers (21). These all have their anterior

extremities inserted into the foot-bulb.

Besides these, the head-mass is attached to the skin by several

muscles, five or six (or even more) on each side. When the head is

much retracted, and the skin somewhat inverted, these muscles are

seen at great length, inserted at different distances from the edge.

Some of them are furcate, and are attached to the head-mass by two
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points. The retraction of the parts is too rapid to allow these to be

accurately copied.

Fig. D represents the left side of the animal. The abdominal

viscera preclude any distinct sight of the muscles on the ventral

region, but on the dorsal parts they are seen numerously. Many of

those already described are recognisable, and are marked with the

same numbers. There are some, however, additional ; chiefly situate

near the mesial line of the dorsum, perhaps not in pairs. One (23)

proceeds from the back of the head to a point between the second

and third transverse bands ; where another (24) commences and

reaches to the last transverse band. Of both, the insertions are in

the skin, and the use is evidently longitudinal contraction. A band

or cord (25) seems to proceed from the occipital sac to the middle of

the back, between the third and fourth transverse band, and helps to

draw it downward and backward. Above this are two cord-like

organs, which, I think, are not muscles, but vessels, or perhaps ner-

vous cords, issuing from the centre of the back of the ganglion, and

jutting out into two arches, one above the other: the lower (26) I

have not traced far, but the upper (27) runs down in a loose,

tortuous manner for some short distance along the back, when I

cease to discern it. It is this serpentine slackness which makes me
doubt its muscular character. 28 is the great frontal tube of the

ganglion, showing its forward curvature.

Such then are some of the details of the structure of this tiny

animal ; many of them I have observed also in other species

and genera, which are possessed of organs of which this species

is deprived. They prove that the minuteness of the animals of this

class does not preclude them from having an organization most ela-

borate and complex; and, I think, justify the belief that the Rotifera

occupy a place in the scale of animal life much higher than that

which has been commonly assigned to them.

Of the manners of the species I have not much to say. In a phial

it frequently clings to the sides of the glass, and appears sluggish ;

but when put into a live-box, it is active, especially if there be any

Conferva, or leaves of Chara, or roots of Lemna in the water.

Among these it crawls about nimbly and impatiently, like a cater-

pillar, pushing itself in every direction, by means of its two-toed

foot, and by the elongation and contraction of its body ; but without

any definite course. The extent to which the fore parts are intro-

verted is remarkable, the gizzard, as already observed, being some-

times made to touch the liinder part of the body. This action
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is very frequently performed with a vigour that resembles the pump-

ing of Notommata syrince. At the same time the body is made
to assume various curves, and the integument is thrown into sharp

angles. The foot is also occasionally drawn completely within the

body by a similar action. The skin of the body, at several points,

forms transverse infoldings, or telescopic joints, like the segments of

a caterpillar, but less permanent.
It commonly keeps the ear-like lobes concealed while crawling ;

but will often suddenly protrude them, and in the same instant shoot

off through the water with considerable rapidity, and with a smooth,

gliding motion, partially revolving on the longitudinal axis as it

proceeds.

Like most of the class, this Notommata is predatory. I once saw

one eagerly nibbling at the contracted body of a sluggish Rotifer

vulgaris; the mouth was drawn obliquely forwards (see B), and

the jaws were protruded to the food so as to touch it. It did not

appear, however, to do the Rotifer much damage. Another, which I

kept for some days, I supplied with Euglena viridis in abundance ;

some of which it ate, for the stomach, which had been empty,
became full of green masses. I once saw it devouring one

; the

jaws broke it into three or four morsels, which then passed through
the duct behind, and were received into the stomach. I think it

chiefly fed on Monads, which were numerous ; for though I could

not see any enter, it frequently used the vigorous syringe-like action,

withdrawing the gizzard almost to the foot-base, and then the jaws
worked for a while.
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EXPLANATION OF PLATE XII.

Fig. A. Notommata aurita, extended and rotating.

B. The same viewed laterally, contracted.

EXPLANATION OF PLATE XV.

Fig. H. The nervous, respiratory, and part of the muscular systems. The principal

viscera are omitted for the sake of perspicuity.

1, 1. The tortuous vessels.

2. The contractile bladder.

3. The tremulous respiratory tags.

4. One of these in more rapid action.

5. Bands of attachment.

Fig. I. The muscular system, viewed dorsally.

1. Tubular cavities in the head-mass.

2. Transverse muscular bands.

3. The bent lateral vessels (?).

4. The occipital sac.

5. The ganglionic mass.

6. 6, 6. Its anterior longitudinal muscles.

9, 9 ; 10, 10. Its two posterior muscles.

8, 8. The muscles for retracting the gizzard (7).

11, 11. Lateral longitudinal muscles.

12, 12. Longitudinal foot-muscles.

13, 13. Diagonal foot-muscles.

15, 15. Muscles of the rectum.

16. The foot-bulb. 17. The foot.

18, 18. The foot-muscles.

19, 19. The toes.

20, 20. The expansors. 21. The closers of the toes.

Fig. D. The muscular system, viewed laterally.

2 to 13. As in Fig. I.

23, 24. Longitudinal dorsal muscles.

25. Central cord of the occipital sac.

26, 27. Arching cords (or vessels ?) from the same.

28. The frontal tube of the ganglion.

Fig. G. The dental apparatus of the gizzard, as seen in action.

Fig. E. The same under pressure : the mallei resolved into bony loops : the float-

ing muscular bands attached to the mallei, and to the table of the

incus.

Fig. F. The same, under more powerful pressure : the arms or heads of the mallei

resolved into hands of five fingers (1 and 3) ; the rods into loops (2) ;

the incus into a bent spatulate foot (4), and two umbrella-like tables

(5).

Fig. C. The appearance of the head when the ear-like lobes are inverted.



105

XIX.— On the Minute Structure of the Calcareous Shells of some

Recent Species of Foraminifera. By W. C. Williamson, Esq.,

Professor of Natural History in Owen's College, Manchester.

(Read at the meetings of June 12 and June 26, 1850).

Notwithstanding the large amount of attention that has been

given to the study of the Foraminifera within the last few years,

there is still very much of obscurity resting upon their history ;

wide differences of opinion existing both as to their true zoological

position, and as to the objects to be comprehended in the group of

animals so designated.

As the Microscopical Society has honoured me by the publication

of my memoir on Polystomella crispa in their
'

Transactions,' I have

been led to hope that the monograph has contributed in some

degree to the adoption of more accurate views as to the true nature

of these organisms, and I have hence been encouraged to perse-

vere in the inquiry. Accordingly I now lay before the Society

the results of some investigations into the structure of these

remarkable objects. It is my intention in the present memoir

to confine my remarks to some peculiar forms, chiefly belonging to

the three genera Amphistegina, Orbiculina and Nonionina, and to

describe the structure of their calcareous shells, which throw a con-

siderable amount of light upon those of Nummulina and Orbitoides,

to which so much attention has recently been paid by Dr. Carpen-
ter and Messrs. Jolie and Leymerie.

Through the kindness of Mr. James Samuels, of Manchester,

recently a resident at Havannah, I have obtained some rich sand

from that locality ; sand, in the ordinary sense of the word, it is not,

being almost wholly composed of calcareous granules, Foraminifera,

spicula of sponges and Gorgonice, and abraded atoms derived from

the disintegration of shells, corals and echinoderms ; the whole

being really a modern limestone deposit in the first stage of its for-

mation.

Amongst other beautiful forms of Foraminifera found in this Cu-

ban sand, are numerous specimens of the lenticular Amphistegina

gibbosa of D'Orbigny. When viewed under the microscope as an

opaque object, this species exhibits a smooth, white, glossy surface,

TRANS. MIC. SOC. VOL. HI. P
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intersected by numerous bluish, translucent lines, which, though

somewhat irregular in their external aspect, exhibit a disposition to

radiation from the centre towards the circumference of each lateral

half of the shell.

On making a horizontal section of this species at its greatest diame-

ter, I obtained the appearance presented by fig. 1, PI. 17
; and on pre-

paring a section in the opposite or vertical direction, its aspect was

that of fig. 2. From the first of these we see that, in its principal

features, this species exhibits the ordinary contour seen in so many
of the Foraminifera ; viz., a spiral arrangement of cells, separated

from each other by calcareous septa. Fig. 2 shows that the object

is not only inequilateral, its inner convolutions especially being

more convex on one surface than on the other, but that the convolu-

tions are not all on one plane ; the earliest formed spirals being on

a lower level than those of a more recent growth. Hence it is im-

possible to make a horizontal section of this species, in which the

incision shall pass through the middle of each convolution : some

of them must be either above or below it. From this cause, fig. 1,

which represents a section made in the direction of a line drawn

from fig. 2, a, to 2, a, passes above the median plane of the innermost

convolutions ;
and hence the substance of the shell, being cut

through obliquely, has at this point a somewhat different aspect to

that of the outermost convolution.

In the arrangement of the septa, as seen in fig. 1, Amphistegina

differs but little from the ordinary type of the rotuline forms ; the

septa being as usual, convex anteriorly and concave posteriorly ;

whilst above and below this median line the segments of the soft

animal and their corresponding septa are prolonged in the direction

of the centre of each lateral half of the organism. One aperture

exists (1, b) in each septum, as in Rotulina and Nonionina, communi-

cating between contiguous chambers, the septum being often thick-

ened at that point, especially on its anterior surface. Excepting
in the case of two or three of the septa, the section, in this in-

stance, has not crossed the aperture, but passed a little above it.

This specimen exhibits the existence of numerous calcareous

papilla? and projecting pillars, which are thickly dispersed over the

inner floor of each cell (1, c) and the anterior surface of each septum

(1, c), but which do not exist on the posterior concave surface of the

septa or on the glossy external parietes of the shell, excepting in

the immediate vicinity of the oral orifice in the anterior septum of

the shell. The fact that the greatest portion of the exterior is so
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smooth and polished, shows that these calcareous papillae are secon-

dary growths deposited after the gelatinous segment has surrounded

itselfwith a calcareous covering, thus proving that the creature has the

power of strengthening its habitation by adding pillars and buttresses,

which thicken its walls. At 1, d, where the section has cut the seg-

ments across near the union of the septum with the lateral parietes

of the cell, we see that these papillae become largely developed,

shooting off from the septum like so many buttresses flanking the

sides of an arched building. Since very few foramina pass through
the external walls of the shell where these septa, with their flanking

appendages, are united to them, we can trace the direction assumed

by these latter portions, even on the exterior of the shell : they evi-

dently produce the radiating lines which, by their translucent aspect,

add so much to the beauty of its exterior.

As we trace the direction of the spiral outline, beginning at its

external extremity, we find that the parietes become thickened as

we proceed. In the central portion this appearance is partly caused

by the oblique direction in which the section traverses it ; but

independent of this, there is, up to a certain point, a real increase of

thickness, as is proved by a glance at the vertical section (fig. 2).

Thus, though the section has traversed the organism in nearly the

same plane at 1, e, and at 1, a, we observe that the thickness of the

. shell is much greater at the latter point than at .the former. The

probable explanation of this increase of thickness will be given after

describing the next specimen.

Fig. 2 represents a section which I made at right angles to the

former one, in the direction of a line drawn between the points fig.

1, a and a'. From this specimen we see that the parietes of the

shell consist of a great number of minute parallel lamellae, traversed

in certain parts by long and well-defined tubes for the transmission

of pseudopodia ; whilst in other portions these tubes are wanting.

The latter is especially the case in the central portion (2, b), corre-

sponding with the umbilical region, or columella of a spiral mol-

lusk, and at the angular external margin of each segment (2, a and c).

In an occasional instance only (2, d), a few tubes traverse the latter

portion of the organism.
In this section we again see the small calcareous papillae (2, e)

studding the floor of each chamber, whilst the internal surface of the

outer wall is free from them, excepting where the oblique direction

assumed by the septa brings the two together as at 2, / and /.
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Occasionally these calcareous appendages are so large as to consti-

tute distinct pillars passing completely across the cell (2, g).

The peculiar points which distinguish the structure of this organ-
ism from that of any recent Foraminifera hitherto described, are the

existence of the visible laminae in the parietes of the shell (arranged
at right angles to the direction assumed by the pseudopodian tubes),

and the calcareous columns and small papillae seen in the interior of

each cell. The question to be next solved is, how have these pecu-
liar features originated ? At first I was disposed to believe that, after

the segment had formed its calcareous covering, it possessed the power
of thickening its walls by the deposition of concentric layers of cal-

careous matter to every part of its inner surface. Several difficulties,

however, rendered this explanation unsatisfactory. First, the direc-

tion assumed by the lamellae, as seen in the two sections, did not

bear a sufficient relationship to the internal contour of each cell.

Secondly, it was only legitimate to assume that if such successive

internal growths had taken place, they would have occurred consen-

taneously throughout the entire organism ; in which case the number
of laminae would have increased as we approached the centre of the

organism. The result of this would have been, that the laminae

required to produce the thickness of the cell-wall, as seen at 2, c,

would have entirely blocked up the innermost cells of the animal.

This, however, has not been done : the relative size of the cells and

the thickness of their walls, as seen in the innermost and smallest

convolutions, appear to be proportionate to the relative dimensions

of the analogous parts in the more external and larger spirals.

A third difficulty arose from the arrangement of the pseudopodian
tubes at the margins of the convolutions, as seen at 2, a, c and c. At

2, a, we observe that the divergence of these tubes, which radiate from

the interior of the cell in opposite directions, produces in the vertical

section a small, triangular, translucent spot, of which the apex is

directed towards the centre of the animal. In this translucent tri-

angle the lines of growth are distinctly visible. At the opposite side

of the specimen (2, c), which forms an older portion of the organism,

we find that the increase in the thickness of the parietes of the cell

has also led to a corresponding increase in the size of this triangular

spot ; but the enlargement is obviously at its base, or external por-

tion, its internal apex being unchanged. The tubes, retaining their

primitive direction, continue, of course, to diverge more and more as

each addition of new layers produces their elongation, which would
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not have been the case had the additions been made to the interior

of the cell.

These facts led me to reject the first explanation that presented

itself, and to conclude that by whatever instrumentality the new

growths were formed, they were applied to the exterior, and not to

the interior, of the organism. Another way of accounting for the

facts still remained, and though rather startling, I believe it to be

the true explanation. At 2, i, we find that the laminae are consoli-

dated into one compact mass ; but on tracing the same lamellae down

to the point (2, c), we find that they separate into two divergent sets,

some forming an inner septum (2, b, corresponding with that seen

near fig. 1, a), whilst the greater number constitute the outer shell-

wall (2, c), with the narrowed posterior apex of a cell intervening

between them. Thus we learn that the thickness of the parietes at

2, i, is at least owing to the contiguity and amalgamation of the lami-

nated walls of two or more cells.

Connecting this fact with that of the exceeding thinness of the

cell-wall of the last-formed cell (fig. 1, h), I have come to the conclu-

sion that the greater thickness of the earlier and older growths of

the shell is owing to the circumstance, that on the addition of each

new segment the cell-wall by which it is enclosed has not ter-

minated at the boundary of the individual segment itself, but has

been prolonged over a considerable number, if not the whole, of the

segments belonging to the outermost convolution of the animal.

But before this explanation can be received we require the admis-

sion of another proposition, viz., that before the newly-formed seg-

ment enclosed itself within the limits of its own calcareous cell, it

must have had the power of spreading itself out in the form of a thin

gelatinous layer, investing the whole of the pre-existing organism.

Startling as I acknowledge this proposition to be, I see no other

way of explaining the phenomena exhibited in this interesting spe-

cies. In the horizontal section (fig. 1) I can easily trace the more

external lamellae, extending continuously along the spiral wall from

/ to c, covering once at least four chambers, and equal to nearly one-

third of the entire convolution. This fact requires an extension of

the soft animal, the secreting agent, at least proportionate to that of

the result produced, and which is clearly not to be found in the cir-

cumscribed segments of the soft animal, so long as they are shut

up within their calcareous cells : I can only conclude that in order

to the production of such a result, the animal must have had the

power either of leaving its cells to a considerable extent, or of
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expanding its newly-formed segment to such a degree as to cover

the organism with its thin gelatinous tissue. It must be borne in

mind that such an investment would only require a retral expansion
of the animal ; the V-like form of each segment would enable it, in

its normal state, to cover an area extending from one umbilical

region to another, equal to that of its own diameter. Having so

spread itself out as an investing body, it appears to have deposited

new calcareous layers, covering over the greater part of the pre-

existing external segments ; but in each layer so added, open points

have been left opposite to the mouths of the pseudopodian tubes in

the layers previously formed; reminding us of the way in which

similar apertures are left opposite the mouths of the canaliculi in

membraniform bone-growths. In some instances, however, espe-

cially near the umbilical region, as seen in fig. 2, these tubes have

been blocked up by the more recent investments.

After thus covering over at least a considerable part of the exte-

rior of the shell with new lamellae, the soft animal appears to have

retreated to the limited area which the new segment was ultimately

destined to occupy ;
and here the new lamellse, continuously pro-

longed, instead of remaining in close contact with the pre-existing

shell, have sprung up from its surface, in order to form a calcareous

covering for the newly-formed segment, which would, in its turn,

be invested and rendered denser by numerous repetitions of the

same process. I can see no other way of explaining the growth of

the smooth and glossy shells of Amphistegina gibbosa. The proba-

bility of its correctness is somewhat enhanced by an important fact,

for the knowledge of which I am indebted to Professor E. Forbes.

He remarks in a letter,
" When dredging in the Shetlands six years

ago, I took some good Nodosarw alive ; and after carefully watching
them for a day, I saw the substance of one of them extended from

the orifice in the form of moniliform strings of granular substance."

This observation, made by such a distinguished naturalist, establishes

the fact that these organisms can extend themselves beyond the

limits of their calcareous cells, through the narrow apertures usually

termed oral, and consequently makes it more probable that the

soft animal of Amphistegina had the power of extending itself in a

similar way ; reminding us of the ordinary movements of the difflu-

gian Infusoria. Supposing the above explanation to be correct, it

still remains a question for investigation whether the entire animal

has been able to leave its cell, or whether the expansion has only

occurred to the budding segment prior to its having been enclosed
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in a shelly covering. If the former should prove to have been the

case,
—if it should be found that the whole soft organism was able to

squeeze its numerous segments through the equally numerous, con-

stricted, oral passages,
—it will be an additional evidence of the low

organization of the group, inasmuch as we can scarcely conceive of

anything in the shape of digestive canals and other concomitant

appendages being subjected to such a compression as this with

impunity.
There appears at the same time to be little doubt that the small

calcareous papillae and other projections seen in the interior of each

cell, are additions which have been chiefly, if not wholly, made after

the formation of the calcareous cell itself. Some of them exhibit

traces of a laminated structure, and occasionally, as at 2, e, the pseu-

dopodian tubes can be seen prolonged into and even through them.

The greater number of the tubes, however, appear to be blocked up

by this internal accretion of line ; we especially observe this to be

the case in the septa, as seen in the horizontal section (fig. 1, g),

where the foramina, which originally penetrated the entire septum,
as is still the case with that in front of the anterior chamber, are

now seen to be arrested midway ; the anterior half of each septum

consisting of the secondary growths of calcareous matter, which they
do not usually penetrate.

Fig. 3 reveals another new feature in the structure of the Foramini-

fera. It represents a small portion of the horizontal section ofAmphis-

tegina Antillarum. This species is more depressed than A. gibbosa,

and also differs from it in the fact, that, in addition to the ordinary

arrangement of the septa common to the genus, each cell or chamber

in this species is subdivided into rhomboidal compartments by secon-

dary septa arranged at nearly right angles to the primary ones. These

subdivisions especially occur near the external or peripheral portion

of each segment, which is the part represented in fig 3
;
a is the

outer part of one of the primary septa ; b and b' respectively repre-

sent some of the secondary ones. The latter appear to be sometimes

complete, whilst at others they are but partial, having apparently an

opening in the centre where the diaphragm has not been perfectly

closed ; but on this latter point I am not quite certain. Each of

these septa exhibits the double structure which all recent observa-

tions indicate to be universal amongst the Foraminifera. Within

these areas are seen the beautifully foraminated structures which

constitute the lateral parietes of the shell. But the most curious

feature in this species is found at the periphery of the horizontal
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section, fig. 3, c, corresponding with the portion 2, c, in the verti-

cal section. Here we find that the pseudopodian tubes are wanting,

excepting in the innermost layers (3, d), where they are visible ; but

the outer layers, corresponding with the translucent triangular

spaces (fig. 2, c c') are (perforated in every direction by a net-work

of minute anastomosing canals, which communicate freely with the

exterior of the shell, through numerous minute apertures. They
also give off branches, which pass between the two layers of which

each septum consists. As far as I can ascertain, however, these lat-

ter branches, though visible throughout the section, are most con-

spicuous at the points of junction, where the two divergent layers of

each septum unite with the external parietes of the shell.

What special function these canals have been designed to fulfil,

I am wholly unable to determine. The greater portion of the septa

between which some of the branches pass, exhibit no traces of fora-

mina ; otherwise, we might regard them as being destined to bring
an additional supply of aqueous fluid into contact with the internal

soft organism. But where the thin adjacent parietes are so freely

supplied with true pseudopodian tubes, it is difficult to conceive that

any necessity exists for such a provision.

The next structure to which I would direct attention, is that

found in what I believe to be an undescribed species of Nonionina.

I am indebted to Mr. Matthew Marshall, of the Bank of England,
for supplies of several beautiful sands, teeming with exquisite orga-

nisms. Amongst others, there was one from Manilla, which con-

tained numbers of a fine form of Nonionina. In this shell all the

septa are rendered distinctly visible externally by the marked con-

trast which exists between their solid, and consequently translucent

texture, and the more opaque, yellowish-white parietal tissues, in

which the foramina occur. Another feature characterizing the orga-

nism, and of which I had previously seen no recent example, was

found in its thickened peripheral margin.
On making a vertical section, the instructive appearances repre-

sented by fig. 4 presented themselves. In the centre we find the

primordial globular cell (4, a), apparently common to all the Forami-

nifera. On each side of this cell, we have the sections of three spiral

convolutions ; the outermost one on each side preserving an almost

perfect transverse septum. The one to the left exhibits, at the point

4, 6, the large central aperture of the Nonionina ; in addition to

which, we find a few very small and irregularly distributed perfora-

tions, which do not exist in the ordinary types of the genus.
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In the parietes of this species we again find a lamellar structure,

similar to that described as occurring in Amphistegina gibbosa ; only

owing to the circumstance that the convolutions do not embrace and

enclose one another so completely in the Nonionina as in the Amphis-

tegina, the former object does not show the great increase in the

thickness of each umbilical region, which constitutes so peculiar a

feature in the latter one : still, a large number of the lamella? can

be traced far beyond the permanent limits of the segment, of which

they constitute the primary coverings, and are even seen to extend

completely across the diameter of the shell. As in Amphistegina,

they at least reach the centre of the organism, where they disappear

amidst those which have come, in a similar manner, from the other

side. This is a more remarkable circumstance even than that

recorded in the case of Amphistegina. In the latter genus, as

in Polystomella and many others, the newest convolutions completely

embrace and enclose each other. In this Manilla shell, on the other

hand, every convolution, from the centre to the circumference, is dis-

tinctly seen ; and the outline of every septum, as already mentioned,

is conspicuously visible.

The greater part of the shell is perforated with the usual

pseudopodian tubes ; but where the section has traversed any
of the septa at right angles, or nearly so, we find that in the

portions of the shell above and below each septum so divided, the

tubes are wanting, producing the peculiar appearance seen at fig.

4, d. The absence of the foramina from these points has caused the

laminated texture of the shell to be more obvious, and at the same

time has rendered these parts of the organism more translucent

than the rest
;
a condition which accords with that noticed to

exist in Amphistegina, where the absence of the tubes produces
a similar effect, modified only, as to the arrangement of the trans-

lucent portions, by the differences between the contours of the

two objects. The real nature of this structure in the Nonionina is

still better shown by fig. 5, which represents a small part of a verti-

cal section made in a line parallel to that of fig. 4, only midway be-

tween the centre and the circumference of the object, so as to

traverse at right angles the septa of the more external convolutions.

Here we see that each septum is, as usual, double (5, b), and the

pseudopodian tubes arising from the cells on each side of the sep-

tum at first converge as they ascend (5, a), and afterwards diverge as

they approach the outer surface, thus leaving the translucent space
TRANS. MIC. SOC. VOL. III. Q
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(5, c), which corresponds with the slightly raised line marking the

direction of the septa on the exterior of the shell.

At the dilated external margin of each convolution (4, e e), the or-

dinary pseudopodian tubes suddenly disappear, giving place to a fan-

shaped arrangement of larger radiating passages, wliich communicate

between the outer angle of the cell and the exterior of the organism,
and which occupy nearly half a circle. These tubes do not proceed
at once to the margin, though such is their general direction ; but

under a high power, we find that they communicate with branches

springing from them at right angles, and running in a direction

parallel with the external outline of the organism. The orifices of

these tubes are seen at 4, e e, divided transversely, when a magnify-

ing power of 300 linear diameters is employed. Their direction will

be still better comprehended from fig. 6, which represents a horizon-

tal section of portions of two convolutions, with their transverse

double septa. Those in the inner convolution (6, a) exhibit the ordi-

nary appearance of these septa; whilst those of the outer one

(6, b) exhibit an irregular variation in their distribution, which

is not uncommon. In each of the spiral parietes (6, c and d) sepa-

rating contiguous convolutions, we see at least one continuous tube,

which sends off branches between the two layers of each septum.
In the external margin of the outer convolution (6, e) corresponding
with 4, e, in the vertical section, we see that these circumferential

tubes or canals are more numerous. They anastomose freely with

each other, and communicate with large ones (fig. 6, /), crossing
them at right angles ;

the latter being the same as those which pro-

duce the fan-like radiations (fig. 4, c c'). Many of the latter can be

distinctly traced between the two layers forming the septa : where

this cannot be done, in the case of the layer radiating canals, smaller

branches given off from the anastomosing net-work are seen to be

thus distributed.

Here we have evidently an analogous structure to that already seen

in Amphistegina Antillarum, and doubtless serving the same pur-

pose, whatever it may be. In this instance, however, we have, in the

radiating canals, more definite evidence that one object of the struc-

ture is to bring the surrounding water into closer connexion with

the interior of the animal than would otherwise be the case. The

radiating canals (4, e e) communicate directly between the exterior

and interior of the cell. Whether or not any pseudopodia have

escaped at these marginal apertures is doubtful, but I should be dis-

posed to question the probability of their having followed the indi-
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rect course of these canals, seeing that the same object could be

attained in so much easier a way through the ordinary pseudopodian
tubes. These anastomosing canals obviously maintain a free com-

munication between the various parts of the comparatively thick

shell.

Fig. 7 represents a superficial section of part of one of the lateral

parietes of the same Nonionina, viewed as a transparent object. It

exhibits the densely crowded foramina (seen also in portions of fig.

6), as well as the horizontal direction assumed by the translucent

spaces (fig. 4, d, 5, c, and 7, a) surmounting the septa. These details

appear to throw new light upon the structure of some species of

Nummulites.

The next group, to the structure of which I would direct attention,

is that comprehended in D'Orbigny's genus Orbiculina, including 0.

complanata, and previously designated Orbitolites and Marginipora.
I have been much surprised to find that notwithstanding what has

been accomplished by M. D'Orbigny in connexion with this group, it

is still necessary to establish their affinity with the Foraminifera ;

many of the leading British zoologists continuing to regard them as

true Bryozoa. That they belong to the former of these two families

I have not the most remote doubt
; their mode of growth, and

the details of their internal structure, alike revealing their close

alliance with the well-known Orbiculina adunca.

One of the most common species is the 0. complanata. It not

only occurs recent in the Mediterranean, in the Cuban seas, and in

those surrounding the Philippine Islands, but is found in a fossil

state in the foraminiferous marls of the Calcaire Grossiere. A verti-

cal section of this species is shown in fig. 8, of a portion of which

section a still more highly magnified representation is given in fig. 9.

The central or primordial cell of this object is a large spherical

cavity (fig. 8, a), partially separated from an adjoining one (8, c) by
an imperfect intervening septum (8, b). The subsequently-added
cells are arranged round these two as a central nucleus ; at first they

appear in oblique rows, and afterwards in concentric circles. In the

vertical section, each cell right and left of the central point repre-

sents one of these rows and circles. The reason why there are more

cells in fig. 8 to the left of the central point than to the right, arises

from the circumstance that the early growths do not form complete

circles, as is seen in fig. 10, shortly to be referred to more fully.

The consequence of this arrangement is, that the primordial cell

does not occupy the geometrical centre of the disk.

Fig. 9 gives an enlarged view of these cells, as seen in the vertical
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section. They are single, undivided cavities (9, a), elongated verti-

cally, and communicating laterally with the contiguous ones belong-

ing to the same concentric row, by means of large central orifices

(8, d, and 9, b, d). They also communicate with those which, though

contiguous, belong to different circles, by means of similar orifices

(9, c). The margin of each of these communicating orifices is usually

thickened, and in frequent instances, as at 9, d, the orifice is not a

mere aperture in the septum, but assumes a somewhat spiral or con-

voluted form, owing to the corkscrew-like twist given to the septum
at this point. Fig. 10 represents a horizontal section of a central

primordial cell of this species, with a few of its earliest additional

growths. This example shows, what has already been alluded to,

that the cells of the organism, when viewed in their superficial aspect,

do not at once form complete concentric circles. In the specimen
under consideration we observe, first the large cavity (10, a), then

the second portion of the same (10, b), separated from a by the

imperfect septum (10, c). Upon this is built another large, but

complete cell (10, d), communicating with & by a single small aper-

ture in the septum which divides them. We then have an additional

row of four cells (10, e e), nearly all of which communicate as before

with the preceding cell (d) through corresponding apertures in the

septum. In the next row (10, //') we have also four similar cells,

and in the succeeding one (g g') their number has increased to seven.

Soon after the development of this row, the newer series has begun
to bend round the point g, covering in succession the extremities of

the cells /', e' and d; whilst at their opposite portion (g) similar en-

croachments are made upon the periphery of the primordial cell,

until at length, by the contact of the two extremities, complete con-

centric circles are formed, and continue to be so until the animal

arrives at maturity. At the same time that they are thus arranged,

they also observe the order seen in the disk of a Coscinodiscus, or

the back of an engine-turned watch. The specimen (fig. 10) also

shows us how irregularly the communicating apertures are distri-

buted, though they are all arranged in the central plane of the orga-

nism. Sometimes they are isolated, as at i, merely connecting two

adjacent cells together, belonging either to the same or to contiguous

circles ; at others they connect three such cells, two belonging to the

same row, and one belonging to a more external series, as at 10, k.

The latter appears to be the form seen in the vertical section at 9, c.

From this cause the external margin of the disk has always exhibited

a series of marginal apertures, whence the old name of Marginipora.

I have not been able to detect any superficial orifices or pseu-
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dopodian foramina in this object. The calcareous layer closing

in each extremity of the cell, exhibits a very minutely-granular

aspect, but I do not believe that it is perforated. This is no evi-

dence, however, that the object is not a true Foraminifer. Penero-

plis lanatus and many other well-established species exhibit precisely

the same features in this respect.

Fig. 11 represents a vertical section of a remarkably fine species,

belonging to the same genus, which, I believe, is as yet undescribed,

unless it prove to be identical with the Australian form of which

some sections are figured by Dr. Carpenter, in his memoir on the

structure of Nummulites (Quarterly Journal of the Geol. Soc. of

London). I am indebted to Mrs. Wilson, of York, the intelli-

gent widow of a Wesleyan missionary who laboured amongst the

Friendly Islands, in the South Seas, for several samples "of sand

from those remote shores. Though most of them were unusually
devoid of 'organisms, one of them, from the island of Tonga, con-

tained a rich supply of the most magnificent recent Foraminifera I

had yet seen. If size and development are to be regarded as the

test, the Foraminifera are retrograding : they appear to have cul-

minated in the tertiary era, when the vast masses of Nummulitic

limestones were in process of formation. The Foraminifera, thus

represented, were giants when compared with their pigmy rela-

tions of the present epoch. Such having been my experience of

their diminutive size, I was delighted to see in the sand from Tonga,

specimens of an Orbiculina (Orbitolites) more than a quarter of an

inch in diameter. It is a vertical section of one of these that is

represented in fig. 11 *

In this section we observe the same general features as were

noticed in the specimen fig. 8. In the centre we find four large

cells, one of which (11, a) is probably the primordial one, being
more globular than the rest. Right and left of these central cells

we find the structure subdivided by numerous vertical partitions

(11, b), separating corresponding intervening segments or cells

(11, c). An enlarged and more definite representation of these struc-

tures is given in fig. 12 ; whilst in fig. 13 we have the appearance
of the outer surface of parts of several concentric rows, exhibiting

their external aspect. In the latter example the specimen has been

partially ground away at the right-hand of the figure (a), in order to

bring the details of a deeper structure better into view ; the oppo-
site side of the specimen retains its normal condition. From this

* See Appendix A.
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latter portion we perceive that the species differs considerably from

O. complanata. Instead of the surface exhibiting the closed extre-

mities of a series of oblong cells, as in that species, we here find

concentric rows of small oval fossae or pits (12, a, and 13, c).* These

fosses are partially closed inferiorly by a rounded calcareous body

(12, b, and 13, d), on each side of which are small circular apertures

(12, h, and 18, e,/), communicating with the tissues below.

The enlarged representation (12) of the vertical section gives us

the clew to all this. We see that the superficial fossae do not corre-

spond in their position with the subjacent cells, but are arranged in

rows immediately above the septa which separate the respective

circles of cells from one another; the upper surfaces of the septa

constituting the bases (12, b, and 13, d) of the fossee ;
whilst the two

canals (12, h, and 13, e,f) communicate right and left with the con-

tiguous cells belonging to two adjoining circles : the real exter-

nal coverings of the cells are the calcareous portions represented by
12, d, and 13, g. We observe that all these structural details are

repeated on the opposite surface of the disk (12, e).

On descending below the surface, and examining the interior of

the organism, we find that it appears to present a very considerable

amount of difference from the corresponding portions of O. compla-

nata (fig. 9). A closer examination, however, will show that this

difference is more apparent than real. The dark, shaded portions

(12, 6 b') are in reality nothing more than the septa dividing the

cells (12, g), and correspond with the analogous septa, fig. 9, e.

But in this species, instead of having only one canal connecting each

cell with the contiguous one of an adjoining circle, as in fig. 9, c, we

here have several (12, c c). And in a similar way, instead of having

only one corresponding lateral communication connecting each cell

with the contiguous ones in the same circle, as at 9, b, we here find

a corresponding increase in their number (12,//'). Thus the dis-

tinction between the internal structure of 0. complanata and that

from Tonga is merely such as arises from the multiplication of

strictly analogous parts in the latter instance. I may remark with

reference to the lateral apertures (fig. 12,//'), that whilst the distri-

bution of those which occupy the central portions of the organism

(/) is exceedingly irregular, those which are nearest to each surface,

(/') and contiguous to the superficial fossee, are just the reverse. In

fig. 1 1 it will be seen that a row of them {d) may be readily traced

round the entire circumference of the section. Thus we find that in

* See Appendix B.
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every essential characteristic the structure of this Tongese specimen

corresponds with that of 0. complanata; the only real difference

being the existence, in the former, of the concentric rows of super-

ficial fossse, and their small canals opening into the subjacent cells.

Fig. 14 teaches us that there is often a difference in the mode of

growth, which also in some measure distinguishes the Tongese form.

This figure represents a horizontal section of the primordial cell (14, a

and b), corresponding with those seen in the vertical section (17, a), and

analogous to those seen in 0. complanata (fig. 10, a and b) : it also

exhibits the arrangement of the subsequent growths. The primor-
dial cell (fig. 14, a), though more or less irregular in its form, is

usually globular. This cell is surrounded by a still larger one (fig.

14, b), a communicating orifice always existing between them. Here

too, as we observed in 0. complanata (fig. 10, c), we often notice the

existence of an imperfect rudimentary septum (14, c), partially divid-

ing the outer of these chambers. In the case of the specimen

represented at fig. 11,1 suspect that the section has traversed one or

two such septa, giving rise to the existence of three other large cells,

to the right of that which appears to have been the primordial one

fig. 11, a).

The outer cell-wall (14, d) of the large cavity has been perforated

by a row of small apertures (14, e), in the same way that we found

the outer septum of the cell (fig. 10, d) to present three similar

canals, only in the former they are more numerous than in

the latter, and surround the whole organism. From this stage we

observe a considerable difference in the growth of the two species.

Instead of increasing by slow degrees, and only after the development
of many rows of cells, exhibiting one in the form of a complete circle,

which we have seen to be the case in O. complanata, in the species

from Tonga we very frequently obtain a similar circle at once, as if each

cell had been the result of the simultaneous protrusion of a gemmule
from every one of the apertures in the cell-wall (14, e). Though each of

the small cells communicates, through these apertures, with the parent

cell around which they are all arranged, I cannot succeed in detect-

ing any lateral communication between the contiguous cells forming

part of the same primary circle. Such lateral communications are fre-

quent enough in the circles of cells formed when the organism attains

to a more advanced stage of growth ;
but the individual cells of the first,

and perhaps also of the second rows, appear to have no communica-

tion, excepting with the large cell which they surround, and with

those of the circle by which, in their turn, they become surrounded.

After the formation of this first circle others are successively
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added, until the organism attains to the large size already spoken

of; those of a more recent growth differing only from the circles first

formed, as stated above, in the existence of lateral channels of com-

munication, corresponding with those seen in O. complanata.

When we compare the development of these Orbiculince, as now

described, with that of other well-known Foraminifera, we see that

although there are peculiarities attending the details of the former ex-

amples, yet they strictly conform to one general type. The existence

to a central cell, more or less distinct from those by which it is suc-

ceded, has been previously shown, by both M. D'Orbigny and myself,

to characterize nearly all the Foraminifera. On the other hand, I am

unacquainted with any of the Bryozoa whose polypidom exhibits

such a structure. However numerous may be the individual cells thus

aggregated into one common polypidom, they are all exact repetitions

one of another, excepting that amongst some of the Eschara the cal-

careous cells of the older members of the group may be, as Milne-

Edwards has shown, somewhat thicker than those of a younger growth ;

but there was no primary difference between the first cell enclosing
the original germinal polype, and those which subsequently grew

up around it. Thus we may legitimately conclude that whilst the

structures represented in figs. 10 and 14 find no analogues amongst
the polypidoms of the cilio-brachiate polypes, they do exhibit a close

conformity with the typical contour which prevails amongst the true

Foraminifera. That this is correct reasoning is, however, placed

beyond a doubt by a comparison of the structures just described with

that existing in Orbiculina adunca. This elegant Foraminifer has

long been one of the best known of recent species. Very fair figures

of it, both in its young and half-developed states, are given by Fich-

tel and Moll ; the former bearing the name of Nautilus angulatus*

and the latter that of N. adnncus.\ Excellent figures of some of its

protean forms are also given in M. D'Orbigny's beautiful work on

the Foraminifera of Cuba. In its young state it is one of the most

abundant organisms in the Cuban sand. Fig. 15, which represents

one of these immature forms, shows that it is at first a Foraminifer
of the ordinary spiral type. Gradually, however, the posterior

angles of the new segments, instead of continuing to be prolonged
over the dorsum of the shell, as at fig. 15, a, begin to terminate

more abruptly, as at fig. 15, 6. This change becomes increasingly

* ' Testacea microscopica,' &c, tab. 22. His N. orbiculensis is probably a variety

of the same.

f Idem, tab. 23.
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conspicuous as each new segment is added, since the angle 15, b,

becoming recurved, verges towards the opposite portion of the corre-

sponding segments at c, giving an increasingly reniform contour to

the shell, in which condition it is the most frequently found. This

process of growth will be readily understood on tracing the direc-

tion followed by the successive segments in fig. 16, which represents

a specimen in which the process just described has gone on to such

an extent, that not only have some of the segments met at a, but

three or four of the outer ones are even completely cycloid, closely

resembling those of 0. complanata and the allied species from

Tonga. Here we see a mode of growth in which all the leading fea-

tures are identical with what we observed in 0. complanata (fig. 11) ;

only in the present example, instead of the convolutions being from

the first spread out in one uniform plane, they are primarily embracing.
In obedience to a general law which prevails amongst the Foramini-

fera, as illustrated by the genera Spirolina, Cristellaria, and others, viz.,

that in their advancing growths they pass from a more to a less com-

plex type, we find that the cells of the later and more external con-

volutions of 0. adunca become spread out in one plane : towards

the exterior of this species they are quite as much so as in the disks

from Tonga. Thus we see that the cycloid form, which in the latter

example is exhibited almost from the first, and which soon becomes

the normal condition of 0. complanata, is only attained in the case

of 0. adunca at a very advanced stage of growth : still, it is attained ;

the type is the same ;
the difference in the rate and extent of their

development is merely one of degree.

On examining the internal structure of 0. adunca, the existence of

this affinity is thoroughly confirmed ; but in comparing it with the

other disks we must not select our illustration from the convoluted

portion, though such a selection would bring us to the same conclu-

sion. We must take a part of the organism where the other con-

ditions are the same, and where the new segments are spread out in

an uniform plane : fig.
17 represents a vertical section of such a por-

tion, made in the direction of the dotted line 16, b, and traversing
five of the outermost segments. On comparing this with the two

vertical sections (figs. 9 and 12), we find that all these are constructed

in conformity to a common type. The section is divided by vertical

partitions or septa (17, a) into separate segments, which frequently
communicate with each other through the open canals 17, b. La-

teral communications also exist between various parts of the same

segment, through the very large orifices 17, c, which are so large

TRANS. MIC. SOC. VOL. III. R
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that the septa thus dividing each segment into smaller compart-
ments are little more than strong calcareous pillars. The segments
are closed in above and below by the thin, shelly layers, 17, d, which
are perforated by remarkably large pseudopodian foramina, and
which have obviously answered the same end as the canals (fig.

12, c).

On making a horizontal section of a similar example a little below

the level of the surface, we obtain the result delineated in fig. 18, in

which portions of three concentric circles are shown. 18, a, a, are

the septa, separating contiguous segments, and correspond with 17, a,

in the vertical section. 18, b, are the segments or vertical cells, if

such they can here be called. 18, c, are open canals or orifices, corre-

sponding with 17, b, and maintaining a communication between adjoin-

ing circles of cells. The analogous apertures, 18, d, correspond with

the large passages, 17, d, and communicate laterally between the

different subdivisions of the same circle. The vertical septa (17, a,

and 18, a) are the most uniform in their contour
; those which unite

them together (17, e, and 18,/) having, as already observed, the cha-

racter of thick, transversely-arranged pillars.

At 18, e, a portion of the external shell is visible, exhibiting the

true pseudopodian apertures, which are larger in this species than in

any other Foraminifer with which I am acquainted : we also see

from this portion of the specimen, in which the section is ground

very thin and close to the external shell, that whilst no foramina

exist along the line of the concentric septa (18, a'), they are abun-

dant opposite to the lines of transverse pillars (18,/), showing that

the latter do not come in contact with the external shell, but always
leave an open space between the two, which admits of a correspond-

ing extension of the soft animal in immediate contact with the fora-

minated portion of the parietes. This is seen at 18, e, where, owing
to the thinness of the section, these transverse pillars have been

ground away.

On comparing the structures thus revealed to us with those existing

in O. complanata and its Tongese ally, we cannot but be struck with

their close resemblance to each other. The construction of the septa,

the arrangement of the segments, and the distribution of the intra-

septal canals, are as similar in the three cases as is compatible with

the primary differences in their external forms. In the case of the

intraseptal canals, the principal difference appears to be in their

relative numbers. In O. complanata (fig. 9, 6 and c) we have but

one series of orifices arranged in the median plane. In the Tongese
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species, as well as in 0. adunca, all the septa are pierced with them

in considerable numbers. In the latter instance especially, the whole

structure becomes little more than a convoluted shell enclosing a

net-work of flattened, calcareous pillars, arranged at right angles to

each other. Such close typical resemblances of structure and deve-

lopment as are here shown to exist, satisfy me as to the correctness

of M. D'Orbigny's opinion, that Orbiculina complanata and its allies

are true Foraminifera, and not Zoophytes.

In my memoir on Polystomella crispa* I pointed out the existence

in that species of a hard, central mass of translucent carbonate of

lime, occupying each umbilical region, the surface of which was pit-

ted by small depressions. I referred to these depressions as being

probably the external orifices of canals communicating with the

deeper and more central convolutions of the organism. I had not,

however, been able to demonstrate the actual existence of such pas-

sages. In the same memoir I also referred to the difficulty of

accounting for the external additions made to the surface of each

calcareous mass, and suggested
" that the central nucleus of lime

may have been thickened through the instrumentality of the pseudo-

podia, which appear to penetrate it from the inner convolutions, and

which, if this explanation prove to be correct, will thus possess an

additional function to those already noticed. This, however, is a

mere suggestion, arising from the difficulty of accounting for the

appearance. The only other explanation which appears plausible,

is, that the newly-formed segment, before enclosing itself in its cal-

careous cell, extends itself over the central nucleus, and there, gra-

dually receding to what constitutes its permanent limit, leaves a

calcareous layer behind it."

Vertical sections of P. crispa which I now possess, lead me to

conclude that the latter of these explanations approaches nearest

to the truth. We have seen that the structure of Amphistegina gib-

bosa could be accounted for in no other way, inasmuch as in that

species no pseudopodia traverse the greater portion of each central

nucleus, and consequently they could scarcely be the instruments em-

ployed in making the external additions. Fig. 19 represents the um-

bilical region from the upper half of a vertical section of Polystomella

crispa. 19, a, is one of the internal cells near the centre, if not the

primordial one, which I believe it to be. 19, b, are portions of cells

belonging to successive convolutions. 19, c, are the small apertures

* • Transactions of the Microscopical Society of London,' vol. ii. p. 170.
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through which the connecting necks uniting the segments of the soft

animal penetrate the septa; whilst the rows of larger circles (19, d)

are the extremities of the cul-de-sacs into which the marginal pro-
cesses of the soft animal are received. The central nucleus is pene-
trated by numerous large and somewhat irregular canals (19, e),

which pass vertically from the surface of the organism towards its

interior, terminating inferiorly, either as abrupt cul-de-sacs or taper-

ing off to a conical apex. Not unfrequently these passages are seen

to anastomose. Their internal surface is studded with a number of

very minute, projecting points, but exhibit no other appearance of

structure.

The intervening pillars of solid, calcareous substance (19,/) are

seen to be very distinctly laminated ; the laminae being parallel to

each other and somewhat arched upwards, resembling the similar

lamellae, which have been described in the preceding pages as exist-

ing in Nonionina and Amphistegina. The descending passages bear

no relation to the position of the subjacent septa, neither do they
in any instance pass through any of the chambers, in order to reach

the more internal convolutions. They are strictly confined to

the solid, umbilical region, and where the chambers commence

they invariably terminate. All these points will serve to distinguish

the passages from the anomalous portions of Nummulina and Orbi-

toides, which are regarded as such by Dr. Carpenter.* I have no

doubt they are designed to facilitate the exit of the pseudopodia

from those convolutions which would otherwise be closed in between

the two lateral, calcareous nuclei. Guided by the additional light

obtained from Amphistegina, I conclude that the laminse seen in the

vertical sections (19,//), and which run parallel to the upper surface

of the organism, have been formed according to the plan suggested

in the case of the former example ; which idea, as the preceding

quotation has shown, is also in accordance with one of the two modes

which I considered capable of explaining the structure when the pre-

vious memoir was written, though at that time I regarded it as the

less probable of the two.

The Rotalia Beccarii, so common on our shores, also exhibits a

peculiarity of structure which appears to involve the necessity for

adopting a similar explanation of the way in which the Foraminifera

make these external additions to their shells. Owing to the trochoid

* I believe that this preparation of P. crispa, along with the analogous ones,

represented by figs. 4, 5 and 6, will be found to throw some valuable light upon these

obscure but interesting forms, the elucidation of which is now in such able hands.
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form of this species, its calcareous umbilical nucleus is restricted to

the inferior side, where it is sometimes of considerable size. It exists in

the youngest shells, being distinctly separated from the internal angles
ofthe respective segments by a deep groove, and often projects beyond
the level of the rest of the organism. As the latter increases in size

the nucleus also continues to receive additions, and frequently sub-

divides, in the older shells, into three or four large, projecting
tubercles. Smaller papillae also stud the surface of the contiguous

angles of the surrounding segments. In no instance have I suc-

ceeded in tracing the prolongation of pseudopodian tubes into the

calcareous mass, though the other portions of the organism (except-

ing along the supraseptal spaces) are densely crowded with them ;

owing to the trochoid form of the shell all the segments, including
even the primordial one, are brought into immediate connexion with

the water from which they have drawn their nutriment.

The entire absence of pseudopodian tubes from the umbilical

nucleus of this organism, renders the first of the explanations, origi-

nally suggested in the case of 0. crispa, wholly untenable here. The
second supposition appears to me to be the only one capable of

accounting for this growth of Rotalia Beccarii. Any explanation that

does not meet all the phenomena bearing on the subject will not

satisfy the requirements of the case ; but so far as the facts hitherto

accumulated are concerned, the hypothesis which I have adopted in

the case of Amphistegina gibbosa appears sufficient. As each new

segment has been added to Rotalia Beccarii, the soft animal must

have extended its slimy form across its inferior umbilical region, and

thus added to the thickness of its nucleus, as well as to that of the

small surrounding papilla? ; and having done this, the segment has

probably contracted itself within the limits which it was ultimately

destined to occupy, and then encased itself in a special calcareous

cell. Whilst in Amphistegina and Polystomella such external addi-

tions have been made alike to both sides of the object, in R. Beccarii

they appear to have been chiefly, if not wholly, confined to the lower

surface of the organism.
The details given in the preceding pages will have shown how de-

sirable it is that the soft animals of Orbiculina adunca and 0. compla-

nata should be examined by competent observers : any intelligent

individual visiting the shores of Cuba would have ample opportunities

of doing this. Looking at the structure of the shell of the former

species, and especially atthe large orifices which communicate between

its various cavities, we cannot fail to observe that it is a reticulated,
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calcareous skeleton, whose proportionate relation to the size of the

soft animal has differed but little from that borne by the siliceo-kera-

tose net-work of many sponges to the slimy substance with which they
are invested. The attempt to isolate the various portions of 0. adunca,

and raise each portion to the rank of an individual animal, even in

the limited sense in which we should admit such a distinction in the

polypes of a Sertularia or a Gorgonia, appears to me wholly inadmis-

sible. If the soft structures of Orbiculina are as devoid of visible

organization as are those of our British Foraminifera, and I have

very little doubt that such will prove to be the case, the whole ani-

mal will be very little raised above the Porifera, only possessing a

symmetrical, calcareous skeleton, which is at once both external and

internal. In the former respect it of course differs from the ordi-

nary forms of Amorphozoa.
I have recently found some frustules of minute Diatomacece (Cocco-

neis) in the interior of Polystomella crispa, which I had not succeeded

in doing when the monograph on that species was written : none of

these, however, are larger than could have been admitted through
the orifices usually designated oral. Their distribution in the inte-

rior of the organism fully bears out my previously-published views

as to the absence of any specially-located intestinal canal, either in

Polystomella, Rotalia, Rosalina, Planorbulina, or the Miliola. I

have very little doubt the soft animal will exhibit a like deficiency.

Being in all probability a mere gelatinous net-work, interlaced

through the meshes of a calcareous one, it is even still less likely to

exhibit an alimentary canal, such as M. Ehrenberg thinks he has

seen in some recent species, than the symmetrical segments of a

Rosalina or a Polystomella. No other observers appear as yet to

have detected such a canal amongst the Foraminifera ; consequently
it is desirable that zoologists should cease to perpetuate the idea of

its existence until some more conclusive evidence respecting it be

brought forward.
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Addendum to the foregoing Paper.

Appendix A.—Since the preceding pages were penned, my friend

Dr. Baird, of the British Museum, the enlightened historian of the

British Entomostraca, has shown me two or three specimens

brought by Sir Edward Belcher from Borneo, which appear to

belong to this group of the Foraminifera. One of these was two

inches and a quarter in diameter, reminding us of the splendid spe-

cimen of Orbitoides brought from Alabama by Sir Charles Lyell.

Some of Mr. Jukes' Australian specimens in the possession of Dr.

Carpenter are half an inch in width : these, however, are but the

exceptions ;
as a rule, the recent species are of diminutive size

when compared with the magnificent forms characterizing the rocks

of the Nummulitic era, both in the old and new worlds.

Appendix B.— Through the kindness of Dr. Carpenter I have

been enabled to compare my specimens with those of Mr. Jukes.

In these most of the superficial fossae are covered over by a thin

film of calcareous substance, as is the case with the cells of Orbi-

culina adunca. This circumstance has led me to re-examine my
Tongese specimens ; and I find that though they are almost all in

the condition described in the text, and delineated in figs. 12 and 13,

here and there traces of a similar calcareous film may be detected ;

showing that its presence constitutes the normal condition. Its dis-

appearance has apparently resulted from mechanical influences of the

surf beating upon the shore, since in the Tongese examples the dif-

ferences of age and size do not appear to affect the existence or

otherwise of this superficial covering of the fossae.

February 27, 1851.
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EXPLANATION OF PLATE XVII.

Fig. 1. Horizontal section of Amphistegina gibbosa ; magnified 76 diameters. P. 106.

2. Vertical section of the same, made through the centre of the object.

3. Small portion of the external margin of a horizontal section of Amphistegina
Antillarum ; magnified 170 diameters. P. 111.

4. Vertical section of a Nonionina from the Philippine Islands ; magnified 45

diameters. P. 112.

5. Vertical section of a small portion of the same species ; magnified 160 dia-

meters.

6. Horizontal section of portions of two convolutions of the same species ; mag-
nified 54 diameters.

7. Horizontal section of part of the external parietes, viewed by transmitted

light as a transparent object, and showing the translucent, supraseptal

spaces (a).

8. Vertical section of Orbiculina (Orbitolites) complanata from the Philippine

Islands ; magnified 70 diameters. P. 115.

EXPLANATION OF PLATE XVIII.

Fig. 9. Portion of the same section, still more highly magnified.

10. Horizontal section of the same species, showing the primordial cell and some

of the early additional growths; magnified 100 diameters. P. 115.

11. Vertical section of an undescribed species of Orbiculina from Tonga

(Friendly Islands) ; magnified 20 diameters. P. 117.

12. Portion of the same section ; magnified 100 diameters.

13. External surface of a portion of the same, showing the superficial fossae.

The part to the right hand (b) of the figure is in its normal state. On the

opposite side (a) the surface is slightly ground down, in order to reveal the

conformation of the base of each fossa. Magnified 140 diameters.

14. Horizontal section of the central primordial cell of the same species, with its

early additional growths ; magnified 60 diameters. P. 119.

15. Young state of Orbiculina adunca, viewed by reflected light ; magnified 20

diameters. P. 120.

16. Similar representation of a matured individual of the same species from

Cuba ; magnified 20 diameters. P. 121.

17. Vertical section of a portion of the same species, made along the line b (fig.

16) ; magnified 160 diameters. P. 121.

18. Superficial horizontal section of the same portion, viewed from within ; mag-
nified 170 diameters. P. 122.

19. Vertical section of one umbilical region of Polystomella crispa, viewed by
transmitted light, as a transparent object. Its inferior border descends a

little lower than the median plane of the organism. Magnified 100 dia-

meters. P. 123.
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XX.—On the Occurrence of Parasitic Rotifera in Volvox globator.

By Mr. John Williams, Assistant Secretary.

(Read June 26, 1850).

Ehrenberg, in his fourth figure of Volvox globator, represents one

having within it a parasitic Rotifer, which he calls Notomata petro-

myzon ; and in his fiftieth plate, describing Notomata parasita, he

figures the same as occurring within Volvox globator. With these ex-

ceptions, I have not hitherto met with any account or figure of para-

sites within that animalcule, and as a case occurred to me since the

last meeting, I am induced to lay an account of it before the Society,

considering, that although these appearances have been observed

before, still, as they are comparatively of rare occurrence, a well-

authenticated observation of so extraordinary a fact might be of

some value, as well as of interest to the members of the Society.

At the meeting of June the 12th I was supplied, by the kindness

of Mr. Rosling and Mr. Ingpen, with some water containing nu-

merous specimens of Volvox globator. The next evening, on

examining some of these in a live-box, my attention was drawn to

one of considerable size, within which appeared a large animalcule

moving about with much activity, having the appearance of one of

the Rotifera, and which I have no doubt was Notomata parasita. In

length it was about one-third of the diameter of the Volvox, and its

breadth might be about one-eighth. The Volvox presented the

usual granular green spots, with five of those larger agglomerations
of granules commonly seen in this creature. It was evidently living,

as it not only moved about in the usual manner, but small bodies

which came near to its edge were driven away with great velocity.

There was also within it a fixed mass of gelatinous matter of irregu-

lar shape, in which at times I fancied I saw ciliary movements, but

they were so indefinite, that I was by no means certain of the fact ;

in other respects this mass was perfectly motionless. As these ap-

pearances seemed to be something unusual, I was careful not to dis-

turb the arrangement, and left everything as it was until the next

TRANS. MIC. SOC. VOL. III. S
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morning, when I found the Volvox still living, although rather slug-

gish in its movements. The animalcule before mentioned was ex-

ceedingly lively, occasionally swimming about, but more frequently,

fixing itself by its extremity and thrusting its snout in every direc-

tion, it appeared to be feeding on the green granules, seizing them

with its jaws, and pulling at them with considerable force. I could

not perceive, however, that it succeeded in detaching any of them,

but among the contents of its intestines, there were several colour-

less balls of nearly the same size. Although the creature appeared

to use considerable force in thus pulling at the granules, I did not

perceive that the Volvox was particularly affected by it. The ciliary

movements of the latter still went on, although its motions were, as

I before stated, rather sluggish. The gelatinous mass I had

observed the evening before had now expanded, and manifested

itself as another animalcule, similar to the first, but rather smaller,

and very transparent ;
it was also extremely active. On this day

they were seen by many persons, to whom I exhibited them as ob-

jects of unusual occurrence. The next morning (Saturday) the mo-

tions of the Volvox had almost entirely ceased, No ciliary move-

ments appeared, as small bodies in the water came close up to its

edge without disturbance, and it only occasionally changed its

position. The larger animalcule was sluggish, while the smaller

one was exceedingly lively, swimming rapidly and turning about in

eveiy direction. The liquid within the Volvox appeared to be more

viscid than on the former days, and there were also some small dark

bodies disseminated through it, due probably to the excrements of the

animalcules. In this state it was seen by Mr. Quekett, who confirmed

my supposition as to the unusual occurrence of the appearances now

described. The next morning (Sunday), about 8 o'clock, I again ex-

amined them, when the Volvox was evidently dead, and appeared to be

decomposing, as the granules were much smaller than usual, and no

longer presented a definite outline. There were also large spaces of

the surface entirely free from them. ,The agglomerations of gra-

nules were also ill-defined, and much smaller than on the preceding

days. The parasitic animalcules had contracted themselves into

rounded masses. The smaller one was perfectly motionless, but

there was a very slight ciliary movement in the larger one : this was

the last sign of life I perceived. During the day I examined them

at intervals, but they both remained perfectly motionless, and about

10 o'clock at night, having no doubt of their being dead, and wish-

ing, if possible, to preserve some trace of them, I opened the



131

live-box and allowed the water to evaporate, and thus succeeded in

preserving them, although in an imperfect degree, the two animal-

cules being, unfortunately, in contact, and consequently appearing as

one. They were, however, clearly visible, and although the prepa-

ration, as I may call it, was no* so satisfactory as might have been

wished, still a tolerable idea of this curious appearance might be

gathered from it. I may add that I was able, by extreme care,

to renew the water several times during the three days I had the

object under examination. I must also state, that in no other

instance did I perceive anything of the kind now described, although

I examined a great number of individuals ; and, I may perhaps ask,

whether any of the gentlemen who had portions of the same water,

saw any similar appearances in the specimens they examined ?

I shall leave it to others, better informed on the subject than

myself, to account for the presence of these creatures within the

Volvox, as by the most careful examination, no opening could

be perceived by which they could have been introduced, neither did

there appear to be any viscera by which their motions might be

impeded, as they swam about as freely as fish in a glass globe,

to which, indeed, they bore no faint resemblance.
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XXI.—The Annular Condenser for the Microscope, a New Instru-

ment, Contrived and Described by George Shadbolt, Esq.

(Read June 26, 1850.)

The attention of the members of this Society having been several

times of late directed to the consideration of oblique illumination, I

am desirous of submitting on this, the last occasion before the recess,

a description of a new instrument I have contrived for the above-

mentioned purpose. I would premise that it is not intended to

supersede anj
r
apparatus at present in use, but simply to be made

use of as an additional tool for facilitating the acquisition of a know-

ledge of the structure of some classes of objects. I think it requisite

to make this statement, as a notion appears to exist amongst some

of our members that the various pieces of apparatus lately described

are designed by their advocates to displace others in all cases,

whereas this is very far from being the case.

To a gentleman who has been very recently elected a member of

the Microscopical Society, Mr. Wenham, we are indebted for the idea

of throwing the light obliquely from every azimuth of the circle at

the same time, as illustrated in his parabolic condenser ; and it was

from viewing the effects produced by that instrument that I was led

to devise the one I am about to describe. In remarking upon what I

may consider slight disadvantages in the parabolic condenser, I cannot

too strongly disavow any intentional spirit of detraction
; for, indeed, I

entertain a very highly favorable opinion of its utility ; this, however,

should not prevent any attempts at simplification or improvement,
or deter from the endeavour to effect a similar object by other means.

In examining the parabolic condenser, there were three points

which struck me as being worth an effort to amend. In the first

place, all the rays do not fall on the object at the same angle. Se-

condly, the most valuable part of the parabola is necessarily cut off,

and the rays that are reflected from the remaining portion can none

of them be incident upon it at an angle of less than fifty degrees from

the perpendicular ; consequently a very large amount of the incident

light is lost without reflection. Thirdly, the construction of a para-

bola correct in figure is by no means an easy operation.

To obviate these objections was my intention in devising the
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annular condenser, and by the assistance of Dr. Southby, who most

kindly constructed one in conformity with my suggestions, I have

been enabled partially to put my theoretical views to the test of

experiment. Messrs. Smith and Beck have also since constructed

me one of these instruments, both of which I purpose exhibiting this

evening.

The annular condenser consists of a ring of glass (hence the name),

which, if cut across in a vertical direction, passing through the axis,

would exhibit at the two sections a plane more or less triangular,

consequently similar to a ring made of a triangular piece of metal,

so that one of the planes is at right angles to the axis. The other

two planes vary according to the desired obliquity of the light, but

always so that the upper one nearest to the axis shall be at right

angles to the emergent rays, as the lower one is to the incident ones.

This ring of glass is fitted into a cell of brass, which screws into the

ordinary fitting of the achromatic condenser instead of the lenses.

By this arrangement all the rays fall at the same angle, and in

every azimuth of the circle ; the reflection from the only surface

required to reflect the light is very perfect, owing to the peculiar

property of the internal reflection of light in dense media, referred

to in a previous paper ; and lastly, there is comparatively but little

difficulty in the construction.

I regret that want of time has prevented my being able to carry

out the principle as far as I could wish : "the only instrument I have

as yet been able to procure was not in my possession until late last

evening, and it causes the light to fall at an obliquity of no less than

sixty degrees, which is far too great for the larger number of objects.

It appears, however, admirably suited for examining some of the so-

called Infusoria when mounted dry, as also cuticular appendages in

a similar condition, thin sections of bone, &c.

I omitted to mention that the width of the planes will be found

most convenient if about the tenth of an inch.
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Addendum to the foregoing Paper.

The only difficulty in making such a ring of glass as above

described consists in the polishing, so as to leave it free from lines.

The method I suggested, and which was applied to the making of

those that have already been constructed, was to apply the side of a

tool by means of a slide-rest, placed at the requisite angles, and to

keep the tool in constant motion to and fro during the revolution of

the glass ring in the lathe, by which means a very tolerable polish

has been produced.

This condenser may be made to give any one inclination to the

ray, even to as near 90° as can be made to pass through the glass

on which the object is placed.

Having determined what angle the condenser under consideration

is to be constructed for, let the slide-rest be arranged so that the

outer cone will be inclined to the perpendicular, half the angle of the

required inclination, and the inner cone inclined to the base, double

the preceding angle, that is, equal to the angle of the emergent ray.

Fig. 1*, plate XIV., shows the appearance that would be presented

by cutting the glass part of the annular condenser in half. Fig. 2*

is a perspective and fig. 3* a sectional view of the condenser in its

fitting of brass, a being the glass ring, b the reflecting surface, and c

any opaque substance, such as black wax, gutta percha, &c.
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XXII.—On the Femoral Plates or Scales of the Zootoca vivipara.

By J. B. Spencer, Esq.

(Read January 15, 1851).

In a work published some time since, a
'

History of British Rep-

tiles,' by Professor Bell, a description is given of our two indigenous

lizards, Lacerta agilis and Zootoca vivipara; the former being a

beautiful reptile, more scarce than the latter, which is the brown

lizard of our heaths and commons ; they are both characterized by

being covered with scales or plates, varying greatly in size and

shape, some of them possessing a very curious structure, which I

propose to treat of in the present paper. The femoral plates or

pores described by Professor Bell, occur in a single row, upon the

under surface of each lower leg, running in the direction of its axis,

usually from ten to twelve in number; I will quote their description

from the work before-mentioned :
— " The femoral pores, as they are

termed, exist also in all the family ; they consist probably of very

small follicular glands, each placed in a scale, the middle of which is

pierced by the opening of the follicle. In some the scale is very

little larger than the pore, and appears almost like a minute tube :

in others the scale is larger and triangular ;
the use of these pores is

not known." In consequence of this latter statement, I was induced,

last autumn, to obtain some of these active little creatures, the

Zootoca vivipara, or common brown lizard, with a view to discover

the uses of these pores or plates. Upon examination with a sufficient

power I failed to realize the description of them given by Professor

Bell; no perforation could be found: on the contrary, the surface of

the femoral plates was produced into a semi-transparent process

or horn of a light yellow colour, differing in this respect from

the rest of the plate, and not possessing any discoverable perfora-

tions whatever. The average diameter of the plates is about 5V th

of an inch, the processes or horny parts varying from T Aoth to T§oth

of an inch. Some care is required in catching these very active little

creatures, for if any undue force is used, the processes above-

mentioned become broken or rubbed off, leaving the hollow cavity of

the plate exposed, and they then put on the appearance of perfora-

tions or .pores, and fully agree with the Professor's description

of them. Upon examining still further the internal structure of the
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plates, I could not perceive any secreting vessels or glandular struc-

ture within them, and therefore conclude that they serve some other

purpose than that of secretion. They may possibly serve (and their

shape favours the idea) to give the creature a greater mechanical

power of adhesion in certain cases ; and this view of the case has

been strengthened by the opinion of a very competent authority. I

have made a rough drawing (PI. XI. fig. 6), to give some idea of the

size and position of the plates, and have also mounted the skin of

the leg, showing the plates in situ, for the inspection of those mem-
bers who may be inclined to examine them. A perfect plate is

represented by a, fig. 7, and another in which the plate has been

removed by b, in the same figure.

XXIII.—On the Scales of the Viviparous Blenny (Zoarcus viviparus).

By John Quekett, Esq.

(Read January 15, 1851.)

Mr. Spencer's observations on the femoral plates of Zootoca vivi-

para, have brought to my remembrance some notes made about ten

years since on the structure of the skin of the viviparous blenny, in

which I found that certain spots which had been described as circular

depressions were in reality scales
;
and curiously enough, the descrip-

tion to which allusion has been made, occurs in another of Mr. Van
Voorst's series of works on Natural History, viz., Mr. Yarrell's ' His-

tory of British Fishes.' In speaking of the skin of this fish, Mr.

Yarrell states that " the surface of the body appears under a lens to

be studded with circular depressions." I found, however, on micro-

scopic examination, that these circular depressions, which are always
of a white colour, were due to the presence of small, round scales,

about one-twelfth of an inch in diameter, each having a minute spot

in the centre ; each scale, as shown in Plate XI. fig. 8, a, b, c, exhibit-

ing concentric and radiating markings. The scales are situated deep
in the cuticle, like those of the eel, and in some situations occur at

tolerably regular distances apart, but are rarely nearer together than

the twentieth of an inch.
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XXIV.—On Ciliary Action in the Spongiadece.

By J. S. Bowerbank, Esq., F.R.S., &c.

(Read November 13, 1850).

Although so many years have elapsed since Dr. Grant described

the ciliated gemmules of Halichondriapanicea, and demonstrated the

existence of continuous currents of water from the great ex-current

oscula of more than one species of the same genus ;
and although it

has grown into an almost universal belief among naturalists, that

the currents must be the result of ciliary action ; still the existence

of these important organs in the Spongiadece had never been clearly

demonstrated, even with all the additional aid afforded by the mo-

dern improvements of the microscope. I had long felt this to be an

opprobium to naturalists, and had determined, on the first convenient

opportunity, to endeavour to solve the problem ; when, in the course

of the summer of the present year, I received a letter from my friend

Dr. Johnston, of Berwick-on-Tweed, in which he mentioned that Dr.

Dobie had succeeded in seeing the cilia in the Spongiadece. Stimu-

lated by this information, I determined that in the autumn I would

locate myself at Tenby, in South Wales, and follow out the

investigation ; and with a view of preparing myself for the work, I

requested my friend Dr. Johnston to put me in communication with

Dr. Dobie, to whom I wrote on the 13th of September. On the

27th of the same month I received a reply, from which the following

is an extract :
—" In February last I was residing for a short time

near Berwick-on-Tweed; and, though quite ignorant of species of

sponges, I determined to examine carefully any specimens I could

pick up, with reference to the existence of cilia. I found a species

of Halichondria very abundant, but, after repeated examinations,

failed to discover these organs. In a species of Grantia I was more

fortunate, having picked up several individuals in which vigorous

currents were in operation. I slit up a specimen, and removed a lit-

tle of the gelatinous matter lining the inner surface. This I exa-

mined with a ^--inch lens. The field of view was crowded with the
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oval particles, in a state of independent motion, single and in masses.

The resemblance the movements of the single particles bore to the

peculiar motions of the more minute monads which I have been in

the habit of examining, at once convinced me that cilia were present,
if I could but see them. With a fresh supply of the granules, covered

with a piece of very thin glass (TTzyth of an inch), I proceeded to a more
strict scrutiny, using a very fine £lens (Smith and Beck), and with the

most careful adjustment regarding light &c. With this power I dis-

tinctly saw the individual cilia, slowly lashing and of extreme tenu-

ity. I repeated the examination several times, with the same result.

I should say that it is almost impossible to see the cilia with a lens

lower than £ in."
" The appearance of the cilia was exactly similar to that repre-

sented in Plate III. fig. 19, b, of Dujardin's work on the Infusoria."
From the description given by Dr. Dobie I have little doubt that

the species alluded to was Grantia compressa.
I had previously to receiving this letter commenced, on the 7th of

September, my investigation, with a determination, in the first place,

to observe both the in-current and ex-current streams of water, and

to endeavour to trace the latter from the mouth of the sacculated

sponge inward, if possible, to the source of the motion of the fluid. I

selected specimens of the sponge not exceeding about a quarter of

an inch in length ; and on placing one of them beneath the micro-

scope, in a closed cell, after a short time the ex-current action com-

menced, and continued steadily flowing for a considerable period,

ejecting the fecal matter with much force. On examining the exte-

rior of the same specimen, the in-current action over the whole sur-

face of the sponge was equally well, though less forcibly, demonstrated.

The floating particles in the water, when within the action of the

in-current orifices, were at first slowly, but afterwards rapidly, drawn

towards the sponge, and the action was similar over the whole of its

surface, some descending on to the upper part of the surface of the

sponge, while others ascended to the lower part, with about an equal

degree of force. The fluid does not appear to enter the sponge by
well-defined or regular orifices, but to pass, by numerous irregular

pores, through the surface between the outer layer of the spicula.

Having thus seen the continuous entrance and exit of the sur-

rounding fluid, I proceeded to an examination of the great saccular

cavity, by carefully opening the sponge from the mouth to the base,

through the compressed edges of the sac, with a fine pair of scissors,

and mounting the halves of the sponge, with the inner surface
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towards the eye, in a closed cell, as before. When thus viewed with

a quarter-inch combination, the sponge is seen to be composed of

angular cavities constructed of tri-radiate calcareous spicula, (PI.

XIX. fig. 2). They are closely packed together, like the cells of a

honeycomb. The cavities are of the same diameter downwards for

about the length of half their own diameter, and then they terminate

in a perforated diaphragm, the circular mouth of which is of about

half the diameter of the space above it, (PI. XIX. fig. 2). Beneath

this diaphragm there is an elongated cavity, or cell, the dome of

which, crowned by the diaphragm, is lined with tessellated cellular

structure, but which does not appear at the opposite extremity of

the cavity, or that in which the in-current orifices exist.

The tessellated cells on the inner surface of the diaphragm are

disposed in lines, irregularly radiating from near its margin.
Within this diaphragm, and between the inner termination of the

in-current orifices, are situated the cilia, which are of exceeding

tenuity, and of considerable length comparatively.
If the diaphragm be focussed distinctly, and the sponge be alive

and active, we shall see, within the area of the circular orifice of the

diaphragm, the cilia in rapid motion, many of them being tipped
with a small portion of gelatinous matter, or of extraneous fecal mat-

ter, and the whole of them are continually oscillating, in a plane

parallel to the edge of the diaphragm ; while a current of water is as

continually being discharged through the orifice of each diaphragm,
into the short, angular cavities which line the interior surface of the

sponge. And this current is unmistakably apparent, from the fre-

quent discharge of minute molecules of extraneous or fecal matter.

I could not detect ciliary motion from the external surface of the

sponge, although they were in vigorous action within the cells, when

viewed from the opposite surface. Nor were tessellated cells or cilia

visible in any other portion of the same sponge.

By this mode of examination the presence and action of the cilia

were very clearly demonstrated ; but I could not determine their

insertion, or the extent of surface covered by them. I therefore de-

cided, if possible, to get a section of the sponge at right angles to its

long axis, and endeavour to examine the whole length of the ciliated

cell, from its origin, immediately beneath the outer surface of the

sponge, to its termination, at the perforated diaphragm near the

inner surface ; but this was not easily achieved with so delicate and

fragile a subject. I found that sections made either with a knife or

with the most delicate scissors, had undergone so complete a disrup-
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tion of the structures, as to render the whole of these fragile tissues

perfectly indistinct ; hut there was one interesting result from this

operation, which was, that from both surfaces of the sponge there

were forced out clusters of minute spherical and oval bodies, contain-

ing slight traces of granulations within; and along with these masses

there appeared, in several cases, cilia similar to those described in situ

within the diaphragm, and which continued their motion for a con-

siderable period, frequently with so much force as to give a slight

motion to the mass of small spherical bodies with which they were

connected. From the circumstances I have described I concluded

that the only way of proceeding, with any chance of success, would

be by carefully pulling the tissues asunder. I then took two

parallel holds of the sponge, at right angles to its long axis, with

fine spring pliers, and gently pulled it asunder
; and, after many

trials, I succeeded in getting several of them to divide in a tolerably

straight line ; and these I cut from the masses, as near the torn

edges as possible. I then placed the ring-like sections, as before, in

closed cells
; and, after many trials, I succeeded in finding some of

them with sections of cells which still retained their vital functions,

notwithstanding the terrible mutilation to which they had been

subjected.

I found the whole length of the cell, from the inner edge of the

diaphragm to its termination near the outer surface of the sponge,
to be closely studded with tessellated, nucleated, cellular structure,

as represented at c, fig. 1 ; and from one or other among these

cells I observed several long and very attenuated cilia to spring, and

which kept up a rapid action for a considerable period. After a

while, as the vital energy of the sponge decreased, their motions be-

came much more languid ; and I then observed one in particular,

which continued for nearly half an hour to wave gently backward

towards the outer surface of the sponge, and then rapidly forward

towards the mouth of the diaphragm. In several others the direc-

tion of the motion was not so decidedly in the long axis of the cell ;

but this uncertainty of action might probably have arisen from par-

tial disruption of the tissue.

In the cell thus described there were as many as nine cilia in

action together, situated in various parts between the two extremi-

ties ; but they did not appear to sympathize with each other in their

movements. I never succeeded in getting so many of these organs

in motion together, in any one cell, in the numerous specimens which



141

I afterwards examined ; but I often had two or three in the remains

of cells which I had thus laid open.

I could not discern whether the cilia were based upon the tessel-

lated cells, or whether they sprung from between the,m ; but, from

their continual association with the cells when removed from the

body of the sponge, I am strongly inclined to the former opinion,

and the more so as the tessellated cellular structure does not occur

in any other portion of the sponge than that in which the cilia exist

and the motions of the currents originate.

The situation and action of the cilia in this species fully explain

the powerful and continuous stream that issues from the great ex-cur-

rent orifice of the sponge, without the necessity for cilia in any other

part of the animal.

From the existence of chambers, or cavities, immediately within

the in-current orifices of Halichondria panicea, and other similarly

constructed species, I am strongly inclined to believe that we must

look for the cilia in those parts only.

I have frequently taken sections of a large ex-current canal, at

right angles to its axis, about the eighth of an inch in depth from

the surface of the sponge, while the currents were in action, and

have observed that the action continued, in the portion thus sepa-

rated from the body, ejecting a stream of water from the mouth of

the canal, for often half an hour after its separation ; and, that no

error might arise in the observation, I have always conducted the

investigation in a closed cell.

The circulation of the water in the sponge cannot, therefore, be a

deeply seated action. In very thin slices from the surface of the

same species, with the inner portion towards the eye, I have seve-

ral times seen the passage of the molecules inward through the

in-current pore ; but, notwithstanding this, I have never in that spe-

cies succeeded in detecting the cilia ; once only I thought I saw, in

one of the cavities immediately within the in -current orifices, the pe-

culiar flickering motion which frequently indicates the presence of

those organs when their rapid motion precludes all possibility of

seeing them ; but I do not attach much value to so slight an amount

of evidence of their presence.
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EXPLANATION OF PLATE XIX.

Fig. 1. A view of part of a section of a small specimen of Grantia compressa at right

angles to the axis of the sponge, exhibiting a longitudinal section of the ciliated

cells.

o. The exterior surface of the sponge.

b. The interior surface.

c. The cell in which the cilia in situ were observed in action, and in which

the cellules on which the cilia are apparently based were in the best

state of preservation.

Fig. 2. Represents a portiou of the inner surface of a small Grantia compressa. The

central group of three diaphragms (a) exhibits the appearance of the cilia when

slowly in motion within the diaphragm, and at b, c, the same appearance of the

cilia, but with extraneous matter adhering to their apices.

Fig. 3. A group of detached tessellated cells, seen by a power of 1120 linear.

Fig. 4. Detached tessellated cells and cilia.

a. Cilium in a state of inaction.

b. Cilium in the position when about to strike towards the diaphragm.
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XXV. — On the Notommata parasita (Ehrenb.), a Rotiferous Animal

inhabiting the Spheres of Volvox globator. By P. H. Gosse, Esq.

(Read December 11, 1850).

This interesting form was made known in 1835, by Professor

Ehrenberg, who has given a brief note of its singular parasitic

habits. It first fell under my own notice on the 26th of June, 1850,

in water kindly given to me by Alfred Eosling, Esq., of Camberwell,
and taken, as I understand, from a reservoir in his grounds. I af-

terwards obtained it on the 8th of July following, from a little pool
near the Eailway Station at Leamington, Warwickshire.

No cognizance of this animal is taken by the unassisted eye, for

its greatest length (so far as I have observed) is -j-^ of an inch. The

body is somewhat cylindrical, terminating in a blunt point behind,

without any foot or toes that I can perceive. When the stomach or

ovary is distended, the form is swollen. The gizzard is large and

long ; not perfectly symmetrical, the point (as is not infrequent in

the Hydatineous family) being rather on one side. It contains a

long incus, which seems to have a forked summit, on which work two

apparently simple mallei, the one long and nearly straight in the rod,

the other shorter and bent inward (see Plate XX. fig. /.) The points

are capable of being protruded from the mouth (see fig. e). By
means of the compressorium, the forked summit of the incus was

found to be separable from the rod (as seen at i), and to be furnished

with a square umbrella, delicately membranous, of two (perhaps four)

points. A wide conical alimentary canal, apparently simple, is sepa-

rated by a long duct from the gizzard, and carries two oval pancrea-

tic glands. The canal tapers to a narrow orifice at the cloaca, which

is placed at the extremity of the body. The usual occipital sac car-

ries a large eye of a rich crimson hue, set on its dorso-posterior end,

like a wart. The venter is as usual occupied by the ovary, some-

times containing only clear nuclei (fig. c) ; at others, a large opaque

granulated egg in process of development, (fig. e). A small contrac-

tile bladder, whose intermissions are rather longer than usual, is
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seated below the ovary. A pair of longitudinal muscles pass from

the head to the extremity of the body, one on each side ; and one

from each side of the gizzard to the same part : there are also seen

three or four transversal muscles. (These are all shown at d). The

head, which is broad and prominent, is surrounded by a wreath of

cilia, and a large claviform process projects over the occiput or

stands erect. This process, so commonly found in the Rotifera, is

considered by Prof. Ehrenberg as a respiratory tube ; but I have

reason to think it is the first rudiment of the antennae of the higher
classes of annulose animals, in which great division I am sure the

Rotifera find their place. When the head is withdrawn by the con-

traction of its special longitudinal muscles, the surrounding margin
is drawn into puckers. The whole animal is colourless, with the

exception of the eye : but the stomach is generally filled with green
food ; and the opaque developing egg frequently imparts a dark hue

to the abdomen, viewed by transmitted light.

The habits of this inconspicuous little Notommata are curious, for

it is parasitic in the elegant Volvox globator ; hence Ehrenberg gives

it the appropriate designation of
" The Pirate." On examining seve-

ral Volvoces, even with a pocket lens, we may frequently detect such

as are thus tenanted, by their containing one or more spots differing

from the young clusters in form and colour. Each of these spots is

found to be a Notommata, snugly ensconced within the globe, in

the spacious area of which it lives at ease, and swims to and fro,

like a gold-fish in a glass vase. We see it for the most part, how-

ever, clinging to the inner surface of the circumference, engaged in

devouring the green monads with which its gelatinous expanse is

studded, or else eating away the embryo clusters. Fig. a repre-

sents a portion of a Volvox, ^ of an inch in diameter, viewed with a

power of 220 linear ; and b is one of the embryo clusters, partially

devoured. The action of the protruded jaws of the Notommata, as

it eagerly nibbles away at the monads, is very energetic ; but its

progress is not commensurate with its vehemence. J have not been

able to see one actually detached and swallowed. Frequently two or

more NotommaUe are found in the same Volvox, and I have seen as

many as four, with an egg besides. They do not interfere with each

other, but each pursues his own avocation.

It is chiefly the smaller Volvoces that contain the parasite, espe-

cially those which have the embryos very immature. I have not

seen any loose in a large Volvox, but in embryos almost grown, and

nearly ready for escape, I have several times seen a Notommata. If
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we wonder at this Botiferon obtaining access to the interior of the

sphere, we wonder still more at seeing even the young spheres, while

yet within the mother-sphere, thus tenanted : especially as the cir-

cumference, both of mother and daughter, appears unbroken. On
careful examination, however, the parent Volvox shows places where

the monads are interrupted ; and I have thought that I could disco-

ver, in each case of a tenanted embryo, that its circumference had a

ragged point.

The Volvox does not appear to suffer from the depredations of its

ungrateful guest ; for though half of its young embryos may be de-

voured, it glides along with as swift and as majestic a course as ever:

nor are the vibrations of its cilia intermitted, for any floating atoms

that lie in its track are hurled- away with impetuosity, the moment

they come within reach of this living whirlpool.

In some spheres we find eggs with Notommata ; in some, eggs
alone. Perhaps the parasite is always hatched in a parent Volvox,

but the embryo globe is probably entered from without, and the No-

tommata is then expelled with it. The Notommatce frequently eat

their way out, and swim at freedom.

Observing one, large with a nearly matured egg, in the globe of a

small Volvox, I opened the latter with a fine needle, and freed the

Notommata. This I placed in clear water, and added several Volvo-

ces of various ages, taking care that none contained a parasite. I

then watched its proceedings, to see if it would enter any one of the

globes ; but though, in the course of its swift and headlong rotation,

it now and then came into contact with a globe, and would arrest its

career to play over its surface, and even to nibble at it, it would pre-

sently dart away again ; not entering one in the lapse of several

hours. In the course of this time it deposited its egg loose in the

water, which probably it would not have done had I left it to follow

the dictates of its instinct. This egg differed greatly in appearance

from any that I had as yet seen in the interior of globes ;
for whereas

they were perfectly smooth and translucent, showing the eye, the

jaws, and the ciliary motion as these were developed (see fig. g), this

(see fig. h) was opaque, and covered closely with short obtuse prickles.

The size of both was nearly the same, measuring T^ by ifa of an

inch. Subsequently, however, I found several of the prickly eggs in

globes ; and in one, both a prickly egg and a smooth one.

In one case I witnessed the evolution of a young Notommata from

a smooth egg ; it exactly resembled the parent. It remained long-

half hatched, without forsaking the egg, the anterior half of the body
J TRANS. MIC. SOC. VOL. III. U
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free, rotating, and nibbling actively, while the hind parts remained

in the egg-shell ; and drawing back from time to time, as if loath to

leave its protection. Upwards of an hour elapsed before it was clear

from the shell.

I have proved, by actual experiment, of many species, of widely dif-

ferent genera, and have reason to believe of many more, perhaps all,

that animals of the class Eotifera are not hermaphrodite, but bisex-

ual, the sexes being very distinct from each other in size, form, and

structure. Now in every case that I have examined, the male and

female eggs differ greatly in appearance, the latter alone displaying
the manducatory apparatus in the foetus. The smooth egg I proved
to be female

;
it is possible that the prickly one may be male ; not,

however, necessarily because it is prickly, for in other genera I have

known prickly eggs to produce females. The subject, therefore, and

it is an interesting one, lies open for further investigation.

In freedom, the manners of this Notommata are lively and energe-

tic : it swims wildly about, often in a zigzag course, turning first to

one side, then to the other, as it dashes rapidly along. Sometimes

it rotates on its long axis as it goes ; and at others it becomes sta-

tionary, adhering by the blunt extremity of its body, upon which it

turns as on a pivot. It is perpetually contracting and elongating,

and throwing its body into angular folds and contortions.

EXPLANATION OF PLATE XX.

a. Part of the sphere of a Volvox globator.

b. One of its embryo clusters.

c. d, e. Notommata parasita, within the sphere.

/, t. The gizzard of the Notommata.

g. A smooth egg displaying the embryo.
h. A prickly egg.

The whole greatly magnified, but in different degrees.
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XXVI.—On a White Mirror for the Microscope.

By George C. Handford, Esq.

(Read December II, 1850).

As the subject of illumination is of so much importance to micro-

scopical observers, I feel that there is scarcely any necessity for apo-

logy from me for intruding upon the time of this meeting, in making
a few remarks on some of the defects in the means of illumination

now in use, and in bringing to your notice a white mirror, which I

have made with a view to remedy them.

In viewing objects by lamp-light, which are illuminated by the sil-

vered mirror, there is generally a great glare of reddish-yellow light,

which is very injurious to the sight, and the object is in many cases

almost obliterated. If it is attempted to lower the flame of the lamp,
or to throw off some of the rays by moving the mirror, the definition

of the object is interfered with ; and the same effect takes place on

cutting off the light, by means of the diaphragm, or by altering the

quantity of light in any other way.
With the white mirror these defects are, I may say, entirely reme-

died ; and if with a low-power object-glass there should be a little

too much light, the flame of the lamp can be lowered, or the mirror

altered, without producing the objectionable result before mentioned,

and the diaphragm is not needed.

These facts cause me to suppose, that the quality of the light

transmitted to the object-glass by means of my mirror is much more

pure than by that now in use.

The white mirror consists of a thin, concave glass, three inches in

diameter, the back of which is rendered white by means of plaster of

Paris, or zinc paint ; and it is mounted in brass, and fits over the

frame of the silvered mirror, without requiring the latter to be in

any way altered.

Mirrors to answer the same purpose could be made of white mar-

ble ground concave and polished, or of white opaque glass rendered
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concave ; and they could also be made of curved and well-glazed

porcelain.

Dead white surfaces of plaster of Paris and other materials have

been made for the purpose of obtaining a white light ; but, whether

flat, concave, or convex, they are only useful for very low powers,
in consequence of there not being a sufficient quantity of light ; and

this arises from its being radiated only from such surfaces in all

directions, but which I am able, with my mirror, to collect and bring
to a focus, along with those rays reflected from the surface of the

glass, thereby making use of the whole of the light that it is pos-

sible to obtain.

That light is similarly affected by the colour of the surface it is

reflected from, I need only mention, as a familiar example, that when
a room is lighted only by a dull fire, the colour of the various articles

of furniture may be ascertained by that of the light they reflect on

the walls and ceiling, and which will show that the reflected light

from a white surface is white.
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XXVII.—On a New Medium for Mounting Fresh or Moist Animal

and Vegetable Structures. By H. Deane, Esq.

(Read March 19, 1851).

As the subject of this paper is one of general interest and utility

to every microscopist, and sufficient time has been taken to test its

success, I trust I shall need no apology for presenting it to the notice

of the Society.

The material to be described is intended to remedy some of the

inconveniences of mounting objects in fluid, which are most felt by
those who only use that method occasionally, as well as certain de-

fects attending the use of Canada balsam.

The inconveniences alluded to are :
—

1st. The necessity of employing, in most cases, some kind of cell

to contain the fluid and objects, the cementing or constructing of

which causes extra work, and oftentimes prevents the object from

being seen under high powers, as the ^th or TVth of an inch.

2nd. The objects not being permanently fixed, and, if consisting

of numerous small particles, the slides requiring to be kept in a

horizontal position.

3rd. The difficulty of obtaining any fluid capable of preserving

vegetable and animal preparations in their natural colours, and in

other respects without alteration.

4th. The danger of losing a valuable specimen by the evaporation

of the fluid caused by the cracking of the cement, arising from any
casual violence.

5th. The obliterating effect of Canada balsam on some structures.

It has long been a desideratum to obtain a perfectly transparent

substance for mounting objects containing their natural juices, which

possesses the same facilities in use as Canada balsam, for the least

moisture in the object causes the latter to appear milky and full of

bubbles. Various attempts have been made, from time to time, to

mount objects in solutions of gum Arabic, isinglass, gelatine, &c,
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but in most instances without success. The chief cause of failure

in these substances is, that, when the water or other menstruum ne-

cessary to dissolve them has evaporated, the material will occupy
less than its original bulk (in some cases less than one-half). The

evaporation does not take place uniformly, but acts partially, begin-

ning at the edges ; the dry portion is very hard and unyielding, and

the shrinking of the remainder of the substance will either fracture

or bend the glass cover, or cause vacuities to appear around the ob-

ject, and will eventually crack in every direction. From the very
nature of the substance required, water must form a portion of it,

which, when evaporated, will cause the material to occupy less space.

The remedy for this would be, a medium possessing such great and

permanent elasticity as would neither allow vacuities to appear nor

bubbles to increase in size, and which in drying should admit of no

portion becoming hard and unyielding, but as the moisture evapo-

rates, allow the cover to settle down uniformly throughout.

My attention was first called to a material possessing this quality

by Mr. F. H. Wenham. It consisted of a mixture of French gela-

tine and a transparent kind of treacle, sold by the sugar-refiners,

under the name of
"
green syrup." This compound, when dry,

formed a very elastic material (similar to that of treacle and glue, of

which printers' inking-rollers are composed), and several objects

have been mounted in it with perfect success ; but the colour of this

medium was so perceptible as somewhat to limit its utility.

From this I was led to discover a compound possessing the elas-

tic properties of Mr. Wenham's medium combined with perfect trans-

parency. It is composed of the following ingredients :
—

1 oz. gelatine

5 oz. water

5 oz. honey

\ oz. rectified spirits of wine

6 drops kreosote.

Soak the gelatine in the water until soft, raise the honey to boiling

heat in another vessel, add it to the moist gelatine, and make the

whole boiling hot ; when it has somewhat cooled, but still perfectly

fluid, add the kreosote and spirit, previously mixed together ; lastly,

filter through fine flannel, or, what is far better, coarse filtering-

paper, until perfectly bright. When cold the composition is in the

form of a very stiff jelly, which on being slightly warmed runs per-

fectly fluid.



151

The quantity of water contained in the above mixture is not abso-

lute, for in some cases it will be necessary that the medium should

contain a greater quantity than in others. For example, if it is

required that the medium should penetrate into all the pores of an

object, with the view of increasing its transparency, the medium
must be more diluted. If, on the other hand, it is desirable that

objects should contain vacuities, as the tracheal system of insects, the

jelly, when cold, must be sufficiently stiff to prevent its being drawn

into the tubes, when the water contained in them, or that which has

been made to fill them, has left them to combine with the medium

during its evaporation.

Not any of the above ingredients are at all likely to injure any

objects mounted in the medium. The gelatine has no injurious ten-

dency on either animal or vegetable structures
; and honey is

remarkable for its preservative properties, as it is well known that

leaves, flowers, and fruit may be kept in it for a great length of time

without losing their sensible properties to any material extent. The
alcohol is added as a solvent of the kreosote, and for diffusing the

latter more perfectly through the jelly, and to assist in its preserva-

tion, as well as the objects mounted in it ; also to defend it from the

attacks of mould, insects, &c, for to the latter the compound would

be too palatable without some such addition.

This medium is chiefly intended to be used in the same way as

Canada balsam, viz., without cells ; but in cases where they must be

made use of, the cover should not be laid on the cell in the usual

way, but be made to fit into it, so that as the medium contracts by

evaporation the cover may descend bodily; no cementing of any
kind is required ; and as it is a matter of indifference about the cells

being tight, they may be formed of any porous material, such as

cork, pasteboard, &c*
In mounting objects the usual way, without cells, the chief and

most important point to be attended to is to avoid enclosing any air-

bubbles
;
and if the object is dry, such as a section of wood, it should

be soaked, or even boiled, for a short time in water, which will drive

all the air out of the pores ; it is then placed on a piece of paper, in

order to drain off the superfluous moisture ; and, the medium having
been melted, either by placing the bottle in warm water or over a

* Since writing the above, I have found it desirable in most instances to cover the

exposed edge of the mounting medium with a little varnish of some kind, to prevent
the consequences attending its contraction, which invariably takes place to some

extent.
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spirit-lamp, a portion of it is dropped on the slide (which should

also be previously warmed) by means of a warm glass tube. The ob-

ject is then taken up, with the needle-point or forceps, and placed in

the fluid medium, beginning at one end, and gently lowering it till

it is finally adjusted. If any bubbles appear they will rise to the

surface, and may be skimmed off with the edge of a pen-knife. If

any bubbles are in the vicinity of the object after the cover is on,

they may be removed by placing the slide aslant, keeping it warm,
with the bubble end uppermost, and they will gradually rise from the

object. If the cover is placed on immediately it will sometimes

throw the object out of place ; therefore it is best to allow the me-

dium to get cool, so as partly to congeal ; the cover is then held in

the forceps, warmed over the lamp, and placed over the object ;
and

when cold it will remain firmly in its place. If the object is hard

and unyielding it will be advisable not to press the cover close down

upon it, but to allow a little of the medium to be between the object

and cover, which will lessen the risk of damage as the shrinking
takes place. It is a convenient way to cut out a piece of the

medium, and melt it on the slide ; but this increases the risk of

bubbles.

Fresh animal or vegetable structures containing their natural

juices require little or no preparation before mounting in this sub-

stance. Those contained in water, such as Desmidise, Crustaceans,

&c, may be taken out of their native element, placed on a proper

slip of glass previously warmed, the superfluous water removed with

a piece of clean cambric or blotting-paper, and then mounted at

once, by dropping a little warm medium upon them with the glass

tube, and covering with thin glass.

Animalcules mounted in this way do not appear to alter either in

colour or dimensions. The latter may be accounted for in this way,—
viz., that the contraction of the medium takes place entirely in

thickness, and the pressure of the cover prevents any alteration

taking place in the object laterally. It is probable that some ani-

malcules may be better shown if some moisture be allowed to remain

in the medium, the evaporation of which may be stopped at any

stage, by filling around the edge of the cover with gold-size, varnish,

or even boiled linseed-oil.

For many delicate objects this has a great advantage over Canada

balsam, in not possessing the high refractive power of that substance ;

and the minute hairs and other parts of insects, that are quite obli-

terated with the balsam, are beautifully shown in the new medium.
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Note.—The difficulty of rendering this medium free from impurities, and perfectly

transparent, has led to the trial of other substances, for the purpose of obviating this

inconvenience ; but the result in that respect has not been quite satisfactory. As

mounting media, however, the formula? may be useful, and are as follows :
—

No. 1.

6 oz. White's patent size

4 oz. honey
A little spirits and kreosote. (Requires filtering).

No. 2.

4 fluid ounces of pure glycerine

2 „ distilled water

1 oz. gelatine

Dissolve the gelatine in the water ; then add the glycerine, and mix. With care it

will do without filtering.

TRANS. MIC. SOC. VOL. III.
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XXVIII.— Observations upon Oblique Illumination ; with a Descrip-

tion of the Author's Spharo-annular Condenser. By George

Shadbolt, Esq.

(Read March 19, 1851).

Although the subject of oblique illumination has been so fre-

quently before the Society of late, I am induced once again to call

attention to it, from a conviction that by its aid, if rightly applied in

examining the structure of a certain class of bodies, much valuable

information may be acquired, otherwise very difficult, if not impossi-

ble, of attainment.

Having devoted much time and consideration to this mode of ma-

nipulation, I purpose defining the principles which I conceive should

be kept in view, in order to obtain the greatest amount of advantage
derivable from it.

This subject may be best considered under two distinct heads, viz.,

illumination by oblique light on one side only ; and illumination by

opposing rays, so as to obviate any shadow.

The former mode has been long familiar to microscopists ; the

latter having been but recently suggested, and carried out by Mr.

Wenham in his valuable parabolic condenser.

As regards oblique illumination in one direction, the cleverly con-

structed prism of M. Nachet (a description of which I had the ho-

nour of offering on a former occasion) affords an infinitely superior

mode of application to the old method of turning the mirror on

one side, besides some other advantages needless to recapitulate at

present.

But whatever may be the mode adopted for condensing the light

on one side of an object, the chief advantage obtained is a certain

amount of shadow resulting from any variations of surface, which

renders such variations more perceptible by the contrast thus af-

forded. A fact tending to support this view is, that in certain objects

(those, for instance, which have minute ridges on the surface) the

details become visible only when the light is caused to fall at right

angles, or nearly so, to the course of the stria.
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If the light be caused to fall with sufficient obliquity, what is

known as the " black field illumination
"

is produced ; but in this

case, the shadow resulting from the light in one direction only is a

positive detriment to distinct vision, and generally renders the ob-

ject confused and deceptive in appearance.

In order to obviate this objectionable shadow, as well as to pro-

cure a more brilliant illumination, the parabolic condenser was pro-

jected by Mr. Wenham, to whom alone belongs the credit of having

suggested the use of oblique illumination in every azimuth, so as to

produce a black field
;
and for a detailed description of whose appa-

ratus I must refer to his paper, already published in the ' Transac-

tions
'

of this Society.

The great advantage of a black field illumination, under the condi-

tions above described (that is, free from the objectionable shadow),

becomes eminently apparent, for as the only visible rays proceed di-

rectly from the object under examination, and the eye is not fatigued

or the attention distracted by any extraneous light, the effect produ-
ced is almost tantamount to an enlargement of the aperture of the

objective.

Having carefully considered this happy idea, so ingeniously brought
to bear in aiding the researches of the microscopist, it occurred to

me that it might be possible to carry out the principle still further

than had as yet been done, and at the same time to obtain a better

reflecting surface, and also greater facility in the manufacture of the

necessary apparatus, by making it of glass instead of metal. I was

at once met by a difficulty in testing this notion, owing to the exist-

ing necessity, in polishing glass, of a double motion, such as is

effected in lenses by changing the axis. Moreover, to produce a

paraboloid correct in figure, is by no means a very easy task : I con-

sequently devised the annular condenser, a hasty description of which

I gave in June of last year. Since that time I have endeavoured to

simplify the arrangement by making use of spherical surfaces, hav-

ing all their centres in the axis of the instrument, but here again I

was baffled by the great amount of aberration.

I have however at length succeeded in devising an arrangement
of spherical curves, one centre only being eccentric, which fully an-

swers my expectations, and is easy of manufacture. The spherical

aberration, although not quite destroyed, is but trifling, and does

not materially impair the efficacy of the instrument, which I have

named the sphcero-annular condenser.
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My thanks are justly due to Messrs. Powell and Lealand, and

to Messrs. Smith and Beck, for the accuracy with which they have

constructed the apparatus according to the drawings I furnished

them with.

When this species of illumination is adopted, whether by means

of the parabolic or my own condenser, the aperture must of necessity

be greater than that of the object-glass, in order to produce the black

field, the rays of light being thus prevented from entering the objec-

tive, unless previously affected by the interposition of an object ; and

I find in practice a direct corroboration of a point which had previ-

ously occurred to me in theory, viz., that the best effect is produced
when the aperture of the condenser is but a few degrees greater than

that of the object-glass with which it is intended to be used. This

is a fact of which I have no doubt whatever. The explanation I

take to be as follows :
— When viewing an opaque object, the light

thrown upon it is partly absorbed and partly reflected, or, as some

would call it, radiated, that is, reflected in all directions, and not as

a polished surface reflects : provided it be understood what is meant

by this term radiated ; winch is a convenient one to designate the

kind of reflection indicated. It is therefore by this radiated light

that the eye is stimulated in viewing an opaque object ;
and the more

vertically the light is thrown, the better will be the illumination, ow-

ing to the fact, that the same quantity of rays have a larger surface to

illuminate when thrown obliquely than when falling vertically, the

light being more and more diluted as the obliquity increases.

Now with the black field illumination, although the light is trans-

mitted through the object, in this case also a portion of it is absorb-

ed, and (unless the surfaces of a homogeneous structure be parallel

and polished) the remainder is refracted radially, so that, in point of

fact, it differs but little, if at all, from what we have agreed to call

radiant light in an opaque object; the one being reflected in all di-

rections, the other refracted in the same way.

Although a certain amount of obliquity in the incident ray is ne-

cessary to produce the dark field, yet in order to obviate any need-

less dilution of the light, it is highly desirable that the obliquity

should not exceed what is absolutely requisite, particularly as those

objects which exert the least amount of force in altering the direc-

tion of the rays, are precisely those in which the extra assistance to

definition afforded by this species of illumination is most required,

and consequently the directive force should be tasked as little as

possible.
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Under these circumstances, it is highly desirable that the conden-

ser should be constructed specially with reference to the aperture of

the object-glass with which it is intended to operate ; and for a rea-

son to be given immediately, it will be seen that cutting off some of

the rays, in order to make a condenser work with objectives of very

much larger aperture, although quite practicable, and even generally

in use with the parabolic condenser, is not nearly so advantageous

as the use of a separate condenser for every object-glass. This ob-

servation applies equally to the parabolic as to the sphsero-annular

condenser. The absolute quantity of light capable of being conden-

sed on any object, is limited by the diameter of the condenser ; and

the area of circles being proportionate directly as the squares of their

diameters, it follows that any reduction of the effective reflecting por-

tion near the circumference, diminishes the quantity of light in a much

greater degree than would be the case from a corresponding reduc-

tion of the reflecting portion nearer the centre : but if a condenser

be constructed for a small aperture, in order to make it act with an

object-glass of large aperture, it is the circumferential rays which

must be cut off, and the amount of light is thus materially reduced,

with a power requiring on the contrary more. Again, if a condenser

be constructed for a large aperture, and it be used with an objective

of much smaller aperture, there is no means of reducing the obliquity

of the light, and consequently of satisfying the condition that the

aperture of the condenser should only be a few degrees differing from

that of the objective ; and this I find practically a much greater in-

convenience than the defect previously adverted to.

As the cost of the glass part of the condensers is very moderate, I

therefore strongly advocate the use of a separate condenser for every

object-glass, of high power at least.

I have now to explain the mode of designing the sphaero-annular

condenser for any given aperture, which is most readily accomplished,

and with sufficient accuracy for all practical purposes, by means of

enlarged diagrams.

Having drawn a perpendicular line, d b (fig. 1. page 158), make the

angles x d b, y db, each equal to half the given aperture ; and draw

the line x y at right angles to d b, so that it is equal to the intended

diameter of the condenser. Draw y o parallel to d b, and bisect the

angle d y o by the line c y. Draw a line through the point d, and

another, n, at such distance below as is fully equal to the thickness

of a glass slider, or something more, and let both be parallel to x y ;

then with the centre d, and some distance, d m, beyond the lines n
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and d y, draw an arc cutting the perpendicular d b in z ; then through
the point z draw the line c m, in such a way that it shall equal c y,

and with c as a centre and distance c y, draw the arc y m, which will

form the side of the condenser.

All the requisite data are now ascertained, d being the focus and

centre of the concavity, d b the longitudinal distance of the centres

of convexity and concavity, and b c the amount of excentricity from

the axis.

In order to avoid taking off any of the reflective power of the con-

vex sides by the brass setting, it is as well to remove the base line,

x y, some little distance lower, to s s, and leave the intervening por-

tions of the sides, x s, y s, unpolished. The side y m, being the arc

of a circle, allows the axis of motion to be changed while the glass is

undergoing the process of polishing. The space I I (fig. 2) is filled

with some opaque substance, to intercept any central rays.

Fig. 1. Fig. 2.

The action of the instrument is as follows:— The light is reflected

from the plane side of the mirror in parallel rays, k k, and falling

perpendicularly on the base, s s (fig. 2), suffers no refraction, but

passes on to the convex surface, y m, &c, where, as the angle of in-

cidence is in no part less than 45°, it is totally reflected and comes

to a focus at d, uninterrupted on emerging from the glass, as each

ray falls perpendicularly on the concave surface, m z.

It will at once be evident that the radius of the concave surface is

immaterial, provided the centre be truly situated at the point d, (a
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matter of no difficulty whatever) ; and provided there be sufficient

space to allow the interposition of the glass on which an object is

mounted.

In making observations with the assistance of the parabolic or of

the sphsero-annular condenser, and an object-glass of large aperture,

the correct adjustment for thickness of the glass covering the object,

a point at all times of importance to anything like fine definition, is

doubly necessary with this mode of illumination.

Either of the above-named instruments may be adapted to the il-

lumination of opaque objects under high powers, by using a plane
silver reflecting surface, slipped over the front of the objective, in the

same way as a Lieberkuhn is commonly applied, and raising the con-

denser under the object, so as to get the focus correctly adjusted.

This, however, I consider of less importance, on account of the

ordinary mode of viewing objects illuminated by these condensers

possessing most, if not all the advantages of an examination of bo-

dies as opaque.
*

Those who have only occasionally glanced casually at an object

thus illuminated, cannot form any just notion of the full merit of

Mr. Wenham's suggestion, which, however, becomes more and more

apparent by familiarity with it.

The various attempts which have been made to produce the same

effect by different means, show more strongly than words can do, the

fact that there is something worth an endeavour to attain, and I can,

from practical experience, assert most positively that a very valuable

adjunct to our means of investigation has been placed at our disposal;

and this I can do with the less hesitation, as, although a promoter, I

am not the originator of it, the whole merit being due in a quarter

which I have already indicated.

In conclusion, I have only to remark, in order to prevent being

misunderstood, that I do not consider it is by superseding, so much
as by adding to, our present means of acquiring information, that we

may hope to make steps in advance.

* Since writing the above paragraph, I have been informed by Mr. Brook that this

is precisely the same mode of viewing an opaque object, in principle at least, which he

had previously made use of.



160

XXIX. — Descriptions of three Species of Marine Zoophytes. By
Arthur H. Hassall, M.D., and John Coppin, Esq., M.A.

(Read April 16, 1851).

Genus Coppinia.

Char.—Polypidom parasitic, massive, hirsute ; polype-cells arising

at irregular intervals from the angles of junction of a cellular

basis, the cells or apertures (sporangia) forming which are, when

perfect, provided with an operculum or lid, perforated by a

small tubular orifice.

"
Polype hydraoidal, vivid green, stretching much beyond

the circular orifice of the cell, and furnished with 8 muricate

tentacula.
"—Dalyell.

Propagation
"
through the medium of a planula, which, in-

stead of being generated as in the hydraoidal Sertularia, within

a pod or vesicle, is formed within the cells {sporangia) of the

cellular matrix."—Dalyell.

Coppinia, Hassall, Zoologist, No. 69, p. 2223. Gray, List

of British Badiated Animals, p. 144.

Conchella, Gray, loc. cit. p. 88, 144.

Coppinia mirabilis.

Char.—Polype-cells tubular, elongated, often curved ; basal cells

or sporangia angular, united together so as to form a cellular

stratum, presenting a honey-combed appearance ; sporangia,

when mature and perfect, provided with opercula.

Plate XXI., figures 1 and 2.

Campanularia intertexta, Couch, Corn. Fauna, iii. 41, t. 11, fig. 3.

Johnston, Hist. Brit. Zooph. ed. 2, p. 109.

Sertularia arcta, Dalyell, Anim. Scotl. 224, t. 42.

Coppinia mirabilis, Hassall, Zool. No. 69, p. 2223. Gray, loc. cit.

p. 144.

Conchella intertexta, Gray, loc. cit. p. 88.
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Hab. Coast of Dublin, 1842, on Sertularia, principally S. abietina,

A. H. Hassall. Coast of Cornwall, Couch. Ramsgate, J.

Coppin, Esq. Orkneys, Prof. E. Forbes.

It is somewhat singular that this curiously formed zoophyte should

have been so long overlooked, since it is by no means uncommon.
One of its principal peculiarities consists in the circumstance that

the vesicles containing the ova are not, as they usually are, scattered

at intervals over the polypidom, but are united together so as to form

a cellular matrix.

The entire polypidom, when perfect, presents to the naked eye the

characters of a minute sponge, with which it has doubtless been fre-

quently confounded by observers : specimens, when imperfect, that

is, when the cells are short, and the cellular matrix is either not de-

veloped, or has been destroyed, bear much resemblance to Cornularia

rugosa, for which also, on a superficial examination, it might be mis-

taken ; indeed, there is much reason to suppose that it is closely

allied to this species, near which, in a natural arrangement, it will

probably find its proper station.

There is but little doubt that the Campanularia intertexta of Couch

is identical with Coppinia mirabilis, notwithstanding that the charac-

ters given of that species agree in scarcely any one particular with

the correct description of the zoophyte under consideration. The

specific name of intertexta has little or no application to this species,

and has therefore been omitted.

The definition given by Mr. Couch of Campanularia intertexta is

as follows :
— " Texture spongy, composed of single tubular fibres,

very much interwoven with each other, not ringed : cells campanu-
late, apertures even."

The first accurate description of this remarkable production was

that of Sir John Dalyell, who has published a very correct account

of both the polype and the polypidom, under the name of Sertularia

arcta, (the Crowded Sertularia). The figures illustrating the struc-

ture of the polypidom, by no means do justice to its singular confor-

mation. The drawings which accompany this communication are

very accurate representations of two conditions of the polypidom,
and have been drawn with great care by the aid of the camera lucida.

The specific name next in chronological order after intertexta is

that of Sir John Dalyell, and in strict propriety it ought to have been

retained ; it may be remarked, however, that the characters of the

genus Coppinia, as well as its generic and specific names, were deter-

TRANS. MIC. SOC. VOL. HI. Y
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mined upon, previous to my acquaintance with the description of Sir

John Dalyell, and also that the remarkable organization of this zoo-

phyte seems to call for some significant, appropriate and striking

specific appellation.

The genus Conchella (a little shell ?) of Mr. Gray, is identical with

this genus, an identity apparently not perceived by Mr. Gray him-

self, since that gentleman gives the characters of Coppinia as taken

from the MS. of Dr. Hassall, distinct from Conchella.

The genus Coppinia was first defined in the '

Zoologist,' No. 69, p.

2223, prior to the publication of the '

List of British Radiate Ani-

mals
'

contained in the British Museum.

Sertularia gracilis.

Char.—Polypidom slender, cells opposite, tubular, everted ; aper-

tures oblique, somewhat mucronated, having an average diame-

ter of about the ^leth of an inch; vesicles sessile, obovate, with

circular, smooth, terminal perforations, averaging the xieth of

an inch in diameter.

Sertularia gracilis, Hassall, Ann. Nat. Hist. 1848, (cover) ; Zool.

No. 69, p. 2223. Gray, List of British Radiate Animals, p. 150.

Hab. " Mr. Such has sent me a very pretty and delicate variety

(of S. pumila), which he finds on the coasts of Cornwall and

Norfolk."— Johnst. Brit. Zooph. ed. 2, p. 67. Brighton and

Ramsgate, Mr. Coppin.

Plate XXI., figure 3.

This, one of the most slender and delicate of the Sertularia, would

appear to be not uncommon, but to have been hitherto always re-

garded as a variety of Sertularia pumila; to that species the zoophyte

under consideration does indeed bear considerable resemblance, but

differs from it in the very much smaller size of all its parts, and in

the exact form of the vesicles,
— differences so considerable, that

not the smallest doubt can be entertained respecting its specific dis-

tinctness.

Sertularia gracilis agrees with S. pumila in its habit, it generally

growing upon Fuci, especially Fucus serratus, and being therefore an

inhabitant of shallow water; in its height, it rarely attaining an inch ;

in being sparingly branched ; and in its opposite cells : it differs

from that species however in its more slender polypidom (a differ-

ence of size amounting fully to one-half, and which is very obvious

even to the naked eye), and in the form of the ovarian vesicles, which
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are more pyriform or fig-shaped, and furnished with much smaller

apertures than are those of S. pumila. In Sertularia gracilis the di-

ameter of the polype-cell is only the si^th of an inch, while in S.

pumila it is the xisth ; again, in the former species, the breadth of

the opening of the vesicle is but the T^th of an inch, while in the

latter it is as much as the eVrd. The latter difference is particularly

constant, and, when taken in connexion with the great disparity in

the size of the two zoophytes, is quite sufficient to establish the claim

of Sertularia gracilis to rank as a distinct species.

The differences indicated in the above description, are admirably
shown in the figures which illustrate this communication, and which

are drawn by means of the camera to the same scale.*

Campanularia serpens.

Char.—Polypidom encrusting, spreading; cells small, sessile, often

curved, with an even patulous rim ; root-like fibres obscure,

firmly attached to the object (often a Sertularia) upon which

the species is developed, and incapable of being detached and

exhibited in a separate form.

Campanularia serpens, Hassall, Zool. No. 69, p. 2223.

Capsularia serpens, Gray, List of British Radiate Animals, p. 151.

Hab. Coast of Dublin, 1842, Hassall, on Sertularia abietina.

Plate XXI., figure 4.

This zoophyte bears much resemblance to Campanularia dumosa,

with which, as it appears to be by no means uncommon, it has pro-

bably been frequently confounded. It differs, however, from that

species, in the smaller size of the cells ; in that these are invaria-

ably sessile; and, above all, in the absence of distinct root-like

fibres, capable of being detached, and separately exhibited.

* One only of these figures is given, that of Sertularia gracilis.
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EXPLANATION OF PLATE XXI.

Fig. 1. Polypidom of Coppinia mirabilis, in its perfect condition, showing the polype-

cells, matrix, and opercula.

Fig. 2. A variety in the polypidom of Coppinia mirabilis, in which the polype-cells

are much elongated and twisted, and the matrix less regular and perfect.

Fig. 3. Polypidom and overgrown vesicles of Sertularia gracilis.

Fig. 4. Polypidom of Campanularia serpens, parasitic on Sertularia abietina.
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XXX.—On the Sporangia of some of the Filamentous Fresh-water

Alga. By George Shadbolt, Esq.

(Read May 21, 1851).

In pools and ditches in open places may generally be seen, either

floating on the surface or nearly submerged, a mass of slimy green

matter, which on slight examination proves to be composed of thread-

like filaments ; and on closer inspection the filaments are found to

consist of cells, more or less elongated and cylindrical in form, and

united to each other by their ends. Although by the unassisted eye
most of the species of the filamentous Alga are scarcely distinguish-

able from one another, there are many genera contained in the order;

and in the genus Zygnema the species are extremely numerous.

Those who are totally unacquainted with this department of bo-

tany will do well to refer to Hassall's
'

British Fresh-water Algse,' a

work in which much information is given ; and, though some of the

opinions there expressed have since proved erroneous, it must be

remembered that when the work first appeared comparatively little

had been done in this branch of science. The facts I am about to

detail have been ascertained by actual observation ; and I had be-

lieved them hitherto entirely unknown, until corrected on this point

by Mr. Bowerbank, who, however, informs me that he is not aware

of their ever having been published.

In Mr. Ealfs' beautiful work on the British Desmidiece, with which

most microscopists are doubtless familiar, a very particular and lucid

account is given of the conjugation of two cells, and the consequent

production of a sporangium resulting from the absorption of the en-

dochrome contained within them. A similar effect takes place with

most, nay, I believe with all, of the filamentous Algce ; but in this

case the union takes place sometimes between cells of the same fila-

ment, and sometimes between those of different filaments. In some

instances the union of the cells is effected by the intervention of lit-

tle tubular passages, thrown out for that special purpose, and in

others directly, without the intervention of such tubes.
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In Mr. Hassall's work, all the sporangia which he has figured as

resulting from the conjugation of the filamentous Alga are more or

less of a spheroidal or ellipsoidal form, with the exception of that of

the genus Staurocarpus, which is somewhat cubical. That such

forms do result is perfectly true ; but I have positive evidence that

in two species of Zygnema ascertained, and another species in the

family not ascertained, the forms figured are only the sporangia in a

transition state, and that they eventually become stellate, and very
similar to the sporangia of the Desmidiece, and to the so-called Xan-

thidia found in the flint, with which I entertain very little doubt they
will at some time prove identical.

In the middle of the month of April, in the current year, I first

saw a single specimen of the sporangium, in its stellate form, of Zyg-
nema quadratum, to which my attention was directed by Mr. Hodg-
son, while examining some specimens we had just previously been

collecting in Hainault Forest. I imagined it was a sporangium of

one of the Desmidiea, and sought amongst the mass of filaments and

ellipsoidal fruit (which latter was very abundant), endeavouring to

find out to which of the Desmidiece it appertained, but without suc-

cess ;
neither did I then discover any more similar forms. Fortu-

nately, however, I preserved the specimen, and some few days after-

wards, when again seeking amongst the filaments, observed six or

eight of the stellate bodies, and was not a little surprised to find one

specimen within the walls of a filament.

This led me to suspect that it might possibly be a more perfect

form of the ellipsoidal sporangium ;
and within a few days I had the

satisfaction of verifying the fact more distinctly ; for, having isolated

the mass of Zygnema quadratum, and placed it in water exposed to

the sun's rays, I examined it carefully, day by day, and ascertained

not only that the number of stellate forms rapidly increased, but ob-

tained them in various stages within the frond, the mass of green

matter being sometimes entirely and sometimes only partially converted,

but with sporangia in the earlier stage (that is, of an ellipsoidal figure),

on either side of it, in the same frond (Plate XXII. fig. 1, a, b, d, e). So

great was the increase of the number of the perfect sporangia during

the lapse of the few days, that, whereas in a search of some hours

I could not detect more than eight individuals when I first sought

for them, in about ten days afterwards I found no less than twenty-

six in a single slide which I mounted, consisting only of a small

quantity, that could be looked all over in five minutes ; and in some

cases the spines were bifurcated. (Plate XXII. fig. 1, c,f, g).
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I would remark that the Zygnema quadratum is a species with the

ends of the cells inverted, and in which conjugation takes place be-

tween contiguous cells of the same filament.

In the Zygnema varians the conjugation, on the contrary, occurs

between the cells of different filaments, and the ends of the cells are

not inverted. In this species, also, I have found the stellate sporan-

gia, though as yet not quite so plentifully as in the preceding. There

is a slight difference in the appearance of the two sporangia, the

spines being more acute and lengthened in the latter ; but the dis-

tinction is not very marked to a casual observer. I have also a few

specimens of a stellate sporangium differing materially from the two

preceding, which I conceive to belong to a species of Tyndaridea

(though this is little more than conjecture), in which the spines are

infinitely more numerous and delicate, and bear a close resemblance

to the figure of what is called Xanthidium hirsutum in the first vo-

lume of the
' Transactions

'

of this Society. (Plate XXII. fig. 3).

I have found the new gelatinous medium recently suggested by
Messrs. Wenham and Deane extremely convenient for mounting the

sporangia as permanent objects, though it does not answer for mount-

ing the AlgcB before conjugation ;
and I purpose depositing in the

cabinet of the Society specimens thus prepared of the objects I have

so inadequately attempted to describe.

It is not very surprising that these interesting bodies should have

been pretty generally overlooked, when we remember that as soon

as the union of the conjugating cells has been completed the Alg<B

generally sink to the bottom of the water ; consequently, if any one

should feel sufficiently attracted to the subject to enter into any more

lengthened investigations than I have been able to accomplish, I

would by all means recommend him to secure such specimens as

he may find in fruit, in any stage, and, having placed them in glass

jars, expose them to the influence of the sun, but in such a way that

they can, by falling to the bottom, be protected from it.

In conclusion, I would remark, that the gradual change of form in

the sporangia of the filamentous Alga is precisely analogous to the

progressive increase of the spines of many of those belonging to the

allied Desmidiece ; and, with regard to the designation of these bodies

as sporangia, I have simply adopted that made use of by those best

acquainted with aquatic botany, without attempting, from any obser-

vations now made, to adduce any reason for deciding whether they
are truly sporangia or only spores.
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XXXI.—On the Sporangia of some of the Filamentous Fresh-water

Alga. (Second PaperJ. By George Shadbolt, Esq.

(Read October 22, 1851).

In order to ascertain something further than I was able to lay

before you in May last, when I drew attention to this subject, which

appeared to me so full of interest, I availed myself of every oppor-

tunity which presented itself during the past summer, of procuring

specimens of Algce in conjugation, and have in consequence ascer-

tained one or two additional facts, which I am desirous of placing on

record.

Having procured a favourable specimen of Zygnema varians, in

which the process of conjugation was complete, the sporangia being
of a somewhat ovoid form, and consisting of a compact and appa-

rently homogeneous dark green mass, still contained within the

walls of the cells composing the filamentous frond ; the first change
which I noticed occurred after the lapse of about a fortnight, when
several semitransparent vesicles began to appear, here and there, in

some of the sporangia, gradually increasing in number, until the

whole of a sporangium in which the transformation was progressing
became converted into a vesicular mass, much resembling in ap-

pearance the parenchyma of an orange. (Plate XXII. fig. 2, a a).

The vesicles first appeared just within the outer integument of

each sporangium, and extended over its interior surface, until a com-

plete layer of vesicles was formed, when another layer was produced
within the first, and so on, until the whole of the interior mass had

undergone a similar conversion. In about another fortnight, many
of the sporangia had assumed a beautiful stellate form, with numer-

ous and long projecting spines ; and were still retained within the

original cell-walls of the filaments, with the unaltered, or only par-

tially altered, sporangia in the same frond.

There is another fact worthy of note, that whereas in Zygnema
quadratum, immediately upon the completion of the conjugation, a

considerable inflation of the receiving cell may be observed ; which,
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however, is not increased on the assumption of the stellate form by
the sporangium, it being no larger, nor in fact quite so large, as in

its earlier stage : in Zygnema varians, on the contrary, no inflation

occurs at the first formation of the sporangium ; but when it becomes

stellate in character, the original cell in which it was formed is in-

flated in an excessive degree, so as to cause no pressure on the long

projecting spines, and the cell assumes a form nearly globular. (PI.

XXII. fig. 2, 6 6).

I consider this an important fact, as tending to prove the conti-

nued vitality of the original cell, even at this stage of the process.

I much regret that I was unable, from various causes, to make any
observations during the second fortnight, consequently did not see

the mode of operation during the change to the stellate from the ve-

sicular state ; it is therefore scarcely prudent to hazard any conjec-

ture as to how such change is effected : I am, however, induced to

do so, in the hope that if an opportunity should occur to any other

observer, he will note particularly the process at the corresponding

period.

From various appearances, not easy to describe, I imagine then

that the vesicles cohere and become condensed, and that the spines

proceed from the points of contact between the vesicles, consequently

that the number of spines is dependent upon the number of vesicles.

My observations on this species were brought to a sudden termina-

tion, by the bottle containing the specimen having been blown down

from a window-ledge, and the contents entirely lost.

In another of the filamentous Alga—Lyngbya floccosa
— I have

noticed a similar peculiarity ; I mean the ultimate production of a

sporangium with spines : but in this genus the spines are compara-

tively very short, and, what is very remarkable, arranged in a regular

helix upon the sporangium, which is ellipsoidal in form, the longer

axis forming the centre, about which the helix is coiled. (Plate

XXII., fig. 4).

In a species of Vesiculifera, I have also noticed a tendency to a

spinous character in the sporangia; but when the observation was

made, the spines were so little developed as to be merely tubercles,

with the exception of one individual, in which they were excessively

delicate and hair-like.

For the accompanying drawings, illustrative of the various appear-

ances I have been endeavouring to describe, both in this and in the

preceding paper, I am indebted to the kindness of Mr. I. R. Capron,

TRANS. MIC. SOC. VOL. III. 2
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a gentleman who has had considerable experience in delineating ob-

jects of this class, having executed for his own portfolio many faith-

ful representations of Algce and Diatomacea.

EXPLANATION OF PLATE XXII.

Fig. 1 . Zygnema quadratum. — a, sporangium in the vesicular state ; b c, sporangia
in the stellate form, all within the original cells ; d, e, /, g, stellate sporangia, in

the two latter some of the spines are bifurcated.

Fig. 2. Zygnema varians. — a, a, sporangia in the vesicular state ; b, b, stellate spo-

rangia in the original cells, which are now much inflated.

Fig. 3. Sporangium presumed to belong to a species of Tyndaridea, having been

found mixed with filaments of that Alga.

Fig. 4. Lyngbya floccosa.
—

a, Sporangia within the frond ; b, sporangia before the

formation of the spines; c, with spines at an early stage; d, with spines fully

developed ; e, same as the last, but more highly magnified.

END OK VOL. III.

K. NEWMAN, PRINTER, 9, DEVONSHIRE ST., BIMIOPSOATE.

.V



Ify.La,. lOOdia.*
PLI.

Fig. 4. ZOdia*

Fig. 2. a,. lOOdz&i

Fig. 5 a. 100 dia?

Fig. 5. SOdurf

Fig.4>.a. SO don?

SWL&tmari, Aeletluh.

Fig. 5. a,. 50(Ua\

l,nylScn,IM rt
teih6 ffueen,





77//./. PUt.

Syf.lecnaroL.Wv: Tig.Z. DizykSon, Uik loTkeQue&v



-



SW.LeorwTcL,HelebUtK> ])ay &So/vIiih
r
*tDlke Queens.



fAL VV;



Figl.
PI. IV.

MagWOdzcd

Fy.Z.

S. Wl,canarcL, d&l et Utk: Da.yfaS^LtfWfio Tfue. Queen/.





PLY.

KJrQ>

12H a

6-.3usk.de/.
S. WLeon.trtt. Irih.

Day&Sen Lilkle





PI .VI.

Fig.8.

b
.,

IO0O*te ofcuvlnch.

%

d =3>£ggi

G.3w>k,del.

S. W.Leonard., Utk.
Jicy&Son Ziih

T6
toHu (Meen.



t
L^'AL V\



PITH.

S.W.ZevrMrd, hlA. J>ajk Sor^iih
r6
tc Sfc Queen. .





Warren De La Rue. del
1.

I I i I





825 dia !

Plate 9.

Warren DeLaRue. del





Tig. 5 50dm 6

JfHg.5..

Tig. 7.

50dm*

50&UV*

500 cUa?

500 (Ha f

%

Jfyl.

F14. 2 .

S. W.LeonarcL, dd tt- Utk J)a#&SmLvDv
r,scolhe Oueen





m xi.

Fig.1

500 dm s

P^KSNI

-«L/

>>'.
v

S :w.Ltonar I Jjvy I San





HL.

Ftg.l. Fig.3

TH Gosse.tLe.1. S T.icnarcL lith Dajkoan., ViJi.
r'!
toike(hteen/.





xiir.

J<ig
s 1 to 6 (tharucn ItmfnyoljttredrawrLbyAFccrreJfd

'toIke*Queen/





PlaJU,W

F-EWenJuon. cUL.





fig.C.

XT.

Fy.E.

FigM

T.R Gosse. del. J>ILeonard. litA
$a#l:Son,Jim.

r
°toike Queer, .





XVI.

u
tq.i

Mag. 100 duv

Fig.3. Fig. 4*.

Mag. 100 cLxarr.

3. C. Sorby. del-SI etmartl, IviA. My1c5onIiik
retoTke.Que&





~W-ClT.del-Lensjjid<?icd. lick
3ayici>arvXttK'ftoTTw Queen,





a.
1.9.

Pl.JVUT.

bx

vl^Aj

d

#

'•^ v-

e- ttglZ. h &
'

—-ft

l>-
\ \

../'

^ ?m O '

t a

A

. .
1 'A-

J

Jfatf.

""W
>e

f e f

-y M \\\\\

!,•

V>^__ ml \i

t.cd.m..

m^'~ °*
y q>j

U^-d

1> d
< W





Fig. 1-50O
n.xix

WSeruMelons
,
del, ttldh

D&y&SuriiLvtJi
n
u>]fit Quam .





PLJOC .

PJf. tjoss&, del. aJ, riv. _ SliTlemacrd. U£k.





Iig.l.
pi.xxr.

Tig.Z.

JfyA.

K.Xvtter d£i. WS.Leoruail,l>Mu Dayk Son,Jji£hJ~
6ioTh& Queero .



A L



pijolh.

&
& #

#
Fig.S-

J.Cap*'or.,cLe7s. S.W.Leonard. >jJh Dayk Son. T.-iWftoTke. Queen. .
















